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The Middle-Lower Cretaceous sediments of northern Iraq 
consist of massive dolostone and dolomitic limestone. These 
are exposed extensively in the Folded Zone and represent 
potential oil reservoirs in the subsurface of both the 
Foothill Zone and the Mesoptamian Plain. 
Stratigraphically, these sediments consist of three 
neritic formations, Mauddud with its lateral equivalent the 
lagoonal-supratidal Jawan formation, the Shuiaba and the 
Garague. Previous conflicts in the stratigraphy are reviewed 
in the light of recent subsurface data from Kirkuk, Bai 
Hassan and Jambur oi1fie1ds. This stratigraphy is compared 
with outcrops at Sefin-Dagh and Geli Ali Beg. As a result, 
a new group, the Qamchuqa is introduced to include all these 
formations. 
A new carbonate rock classification is introduced to deal 
with both the complicated depositional and diagenetic fabrics 
of this group. Integrated logs, facies analysis and especially 
cluster analysis have shown that the Qamchuqa is a rudist-algal-
hydrozoan bank (not a reef), grading westwards into mi1io1idic -
pelwackestone, stromatolitic limestone and nodular anhydrite. 
Intertonguing with basinal, globigerinal mUdstone and wacke-
stone occurs towards the east. 
The following diagenetic features occur within the group. 
Micritization and algal borings are selective with relation to 
fossil-test architecture. Three dolomite generations are 
found, these are related to refluxion, schizoh&line and 
cannibalization processes. Porosity is mainly secondary in 
origin, related to dolomitization. Two generations of 
cement are present. A new type of secondary silica termed 
rosette-quartz is described. 
Chemical analyse.s of seventy-two samples have shown that 
these rocks are mainly dolomitic limestone and dolomite with 
MgO content up to 21%. Strontium is considered to be the 
most useful trace element as its concentration increases 
with evaporite and clay content but decreases with magnesium. 
Aluminium, titanium and potassium have a similar behaviour 
and are dependent on the clay content. 
The Mauddud and Shuiaba in Jambur and eastern Kirkuk 




~B The Middle-Lower Cretaceous sediments of Ir~q especially, 
and/Middle East in general, are a controversial subject. 
Ambiguity resulted from the absence of co-operative studies 
in geology between the Middle East countries, which makes 
comparison between contemporaneous sediments in the area 
impossible. The second reason is the discovery of huge oil 
and gas accumulations in these sediments, which in turn made 
confidential most of the geological aspects of the area. 
Before 1972, there were three foreign oil companies 
working in Iraq, in addition to the Iraqi National Oil Company. 
Each company has a defined concession by law, which should 
work within its boundaries. Consequently, at least three 
different names exist for the same formation in the three 
different parts of the country. This variation in nomenclature 
makes the correlation between the north and the south of the 
territory a very difficult task. 
On the other hand, the Qamchuqa rocks were considered 
generally as a "coral-reef" unit, very similar to the Oligocene 
coral reefs just a few thousands feet above. Practically, the 
term reef can be subdivided into two different meanings or 
implications. The sedimentological definition of a reef is 
a wave resistant structure with a definite topographic or 
geometric shape as bioherm or biostrome. Petroleum geologists 
are generally interested in the spaces and pores between the 
allochems rather than the allochems themselves, and consequently 
the term reef for them signifios a high-porosity unit, bounded, 
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either west-ward or east-ward, by a low-porosity unit. They 
usually call this the back-reef or lagoonal unit. 
This study was verbally suggested by Joseph Z. Gaddo, the 
previous chief geologist of the Iraqi Company for Oil.Opera-
tions. Samples were collected from the deep wells of Kirkuk, 
Bai Hassan and Jambur Oilfields. One sample per each five 
feet (about 1.5m) interval has been collected from Kirkuk Well 
117, Bai Hassan Well 13, and Jambur Well 20. Additional 
samples were collected from Kirkuk Well 116, Kirkuk Well 109, 
Kirkuk Well 130, Bai Hassan Well 16, Jambur Well 19. Samples 
were either cores which were taken from larger cores at 
definite intervals or as cuttings (rocks chips) from the cores 
and cuttings stores of the Iraqi Company for Oil Operations. 
After one year of work at the Department of Geology in 
Bristol University, it was realized that a comprehensive 
study should depend on the comparison between surface as 
well as subsurface samples. Consequently, field work has 
been c&rried out during the summer of 1976. The Sefin-Dagh 
mountain, near Shaqlawa town was chosen, because of the presence 
of good outcrops of the formation and since it is believed 
that it was situated at the edge of the Qamchuqa shelf during ~e 
time of deposition. Additional samples were collected from 
Qamchuqa outcrops at Geli Ali Beg. 
The huge and well-preserved rock cores, cuttings and 
thin sections of most of the Iraq deep wells were deposited 
by the Iraq Petroleum Company Ltd. at the Sedimentology 
Research Laboratory in the Department of Geology, Reading 
University. This made it easier for the author to examine a 
3 
larger and more variable collection and consequently enriched 
his conclusions. 
From the end of 1975, the present author also has had 
the valuable chance of studying TIr. G. Elliot's collection 
of algae from the Middle-Lower Cretaceous sediments of Iraq, 
which is stored at the TIepartment of Palaeontology, The 
(N_~.It~) 
British Museum~ The author not only had the chance to ex-
amine the algal species but also the rocks enclosing them. 
The aim of this work is to establish the stratigraphy 
and sedimentological history of these sediments, from which 
a more comprehensive oil exploration and drilling programme 
can be suggested. 
Petroleum geology is an integrated science which depends 
on the results extracted from other fields of geology. The 
task of the petroleum geologist is to make use of the conclu-
sions already reached from sedimentology and stratigraphy in 
order to determ~ne the area with the highest potential for 
hydrocarbon accumulations. This explains the wide spectrum 
of topics discussed through this thesis. 
Stratigraphically, correlation has been established between 
the north and south Iraq formations. This has been done by the 
introduction of the new group, "Qamchuqa Group", to include 
all the neritic limestones of the Middle-Lower Cretaceous 
formations. 
Detailed sedimentological analysis has shown that the 
Qamchuqa is not a coral reef. Corals were not active during 
Middle-Lower Cretaceous allover the world. The Qamchuqa is 
an algal-rudist-hydrozoan bank which lacked all the features 
h&lIe 
of areal reef. Supratidal conditions are believed to/prevailed 
4 
in the Jawan zone of the shelf. These were represented by the 
presence of nodular anhydrite and stromatolitic limestone. 
The diagenetic history of these sediments is very compli-
cated. Dolomitization is very extensive and variable. Three 
generations of dolomite were found. These are related to 
three different and complementary processes. 
This project has been sponsored by the Iraqi Ministry of 
Oil - Baghdad. 
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CHAPTER ONE 
GENERAL GEOLOGY AND STRATIGRAPHY 
1. Stratigraphy of The Studied Area (Figure 1): 
The geological history of the northern part of Iraq is 
affected greatly by its position on the Uedge" of the Arabian 
tectonic plate on one side and by the Turkish and Iranian 
plates on the other side. The extreme north-east corner of 
the territory is the' area, where the three tectonic plates 
come in contact with each other. Thus, it is believed that 
the deformation features of northern Iraq are controlled 
mainly by the extent and directions of the collision between 
those plates. The deformation is thought to have formed waves, 
which spread out from the north-eastern corner to other parts 
Its 
of the area. Since the deformation haJ lmaximum strength at 
the beginning, deformation is expected to be very extensive 
in the north-eastern part of the area and to decrease towards 
the south and west, until it disappears from the surface, at 
Hemrin, north Baghdad. It continues in the subsurface as far 
as the extreme south-eastern part of the country. 
The anticlines of northern-Iraq are en-echelon in a north-
west - south-east direction, and have nearly constant distances 
between them. (Figure 2). The amplitude of the wave represents 
the height of the structure and the wave-length represent s the 
distance between two structures, taking into consideration, 
the deviation resulting from the variation in the density, 
and thickness of the rocks through which the deformation wave 
is transmitted (Al-Jawadi, Personal communication). 
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In the extreme north-eastl area and some neighbouring 
areas, the deformation was great enough to bend, break and 
expose the rocks in the area down to the Cambro-Ordovician. 
In the far areas, the waves bec~me weaker and caused the 
folding and bending of the rocks only, and either exposed 
them or left them under the surface. Later these unexposed, 
folded rocks trapped oil and nowadays represent oilfielde, 
such as Kirkuk, ]ai Hassan and Jambur. 
~he tectonic position of Iraq was a major control of 
sedimentation and unconformities. Major unconformities occur 
between Ordovician and Devonian, Carboniferous and Upper 
Permian, Middle and Upper Jurassic, within the Cretaceous, in 
addition to numerous small breaks and hiatuses. 
Geographically, Iraq is divided into the following topo-
graphic zones: 
(A) The thrust zone: this area is characterized by folding, 
faulting and thrusting of the strata. Folds and faults have 
a different direction and combination. The zone is covered 
the 
mostly byAWalash-Qandeel series which are igneous rocks of 
Tertiary age, intermingled with sediments. Some mineral 
deposits of copper and iron are present. As mentioned earlier, 
this area occurs in the extensively deformed northern corner 
of Iraq. 
(B) The folded zone: 'the zone forms most of the northern 
part, and consists of a series of anticlines and synclines 
running NW-SE. The Middle-Lower Cretaceous Qamchuqa massive 
dolomitic limestone, forms the cores and carapaces of these 
structures. Some of these structures are partially exposed 
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~.e. Tertiary sediments are exposed only, while older sedi-
ments occur at depth, forming potential oil and gas fields. 
(C) The foothill or the transitional zone: this area is 
transitional between the folded and deformed areas in the 
north and the plain (geosynclin~ in the middle and southern 
parts of Iraq. It has a hilly topograpny, with subsurface 
anticlines forming the famous oi~ield8 in the area, such 
as Kirkuk oilf"ield. 
(D) The Mesopotamian geosyncline: This is the famous pre-
historic plain, where the early civilization of Babylonia and 
Assyria were established. It is believed also that human 
beings practised agriculture for the first time in this area. 
The plain consists of sediments formed after the regression 
in the Arabian Gulf to the south, and by effect of Tigris and 
Euphrates, as far back as Tertiary times. At the present time, 
the southern part of this area is covered by shallow lagoons 
and marshes crowded with reeds and similar plants, and 
surrounded by Recent 5abkhas. 
In 370 A.D. Amminaus Marcellinus, a Roman traveller 
visited Iraq and described the oil deposits around present day 
Kirkuk town. The following is a translation of some of his 
"field" notes: (translated into Arabic by Jamil (1961) and 
translated to English by the present author): 
"In this area, you will see something called "Naphtha" 
(which is oil in Greek and Naft in Arabic). This is an 
asphaltic, visCOUS, sticky material similar to tar. If 
a bird stops on it, it cannot fly again and it will soon 
die. Also, if this material catches fire, it will be 
impossible to stop it, unless it is buried by soil. 
10 
In the same area, you can see also fractures and small 
caves from which a deadly smell escapes, and any 
animal will die if it smells it. If this smell spreads 
allover the country, life there will be impossible." 
At the beginning of this century, a priest also visited 
the Kirkuk area and described that people there were using the 
fire from burning soil. They believed that this fire was one 
of the miracles of a saint called Baba Gurger, who was buried 
in the area. 
In 1922, Pascoe from the Indian Geological Survey, 
visited the area, described and mapped the oil and bituminous 
.-
, occurrences on the surface around Kirkuk town and suggested a 
method for their extraction. However, the first regular geo-
logical survey of the area was made between 1923 and 1925. 
The first wild cat oil well was drilled in the Baba dome of 
th e Kirkuk oilfield in 1921 by the Turkish Petroleum Company, 
which then changed its name to the Iraq Petroleum Company 
Limited. This was a share cartel between British Petroleum, 
Shell, a French Oil Company and other large oil companies. 
The Iraq Petroleum Company was divided into three local sub-
companies. Accordingly, Iraq has been divided into the following 
concessions: 
(A) The northern Iraq province, comprising the area east of 
the Tigris River into Kut town. This zone was explored 
and drilled by the Iraq Petroleum Company. 
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(B) The area of north Iraq, west of the river Tigris and 
to latitude 33 0 North, was the concession of the Mosul 
Petroleum Company. 
(C) The southern part of Iraq, which was extracted by the 
Basra Oil Company. 
Many wells have been drilled to confirm the result of 
Kirkuk Well Baba No.1, and a double pipeline was built in 
1932-1933 and opened in 1934 to transport the oil from Kirkuk 
to Has.ditha town in the west on the Euphrates River. Here 
the pipeline divided into two parts, one line going through 
Syria to Tripoli and the other one through Jordan to Haifa, 
(Daniel 1954). 
Between 1927 and 1939, 54 wells had been completed. 
After the outbreak of the Second World War in 1941, all 
wells except seven, one for observation and six producers, 
were plugged, as a precaution against the probable invasion 
of Iraq by Germany. 
After the war, new pipelines were constructed to Haifa 
and Tripoli. The beginning of the Palestine war prevented 
its completion. Two years later, another one was built to 
Banias in Syria and completed in 1952. 
By 1976, about 208 wells have been drilled in Kirkuk oil-
field, which is the most important oilfield in northern Iraq. 
It extends 11. 3 km south-east direction, and it is situated 
90 km north-west of Kirkuk town, which is 240 km north of 
Baghdad. The area rises 240 to 427 metres above sea-level. 
It consists of a sinuous stretch of low hills, mostly covered 
by outcrops of the Lower Fars formation. The northern flank 
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of the anticline is easy to recognize and consists of indi-
vidual beds, mainly from the Upper Red Beds of the Lower 
Fars formations. Dip is about 600 • The southern flank is 
covered with aluvium and Recent sediments of the Smaller Zab 
River. The anticline is made up of three domes. From south-
east to north-west these are Baba dome, Avanah and Khurmala 
domes respectively (Daniel 1954, Dunnington 1958). 
The main producing formation in Kirkuk is the '~ain 
Limestone" or Kirkuk Group, which is a coral-reef unit of 
Oligocene age. The stratigraphy and facies of thQS Group 
have been studied in detail by Van Bellen (1956). A typical 
section in Kirkuk wells usually starts with the alluvium and 
Recent gravel and sand sediments, followed by the Lower Fars 
formation which acts as the cap rock to the field. The 
Lower Fars, is then followed by the Main Limestone which con-
sists of a number of cycles, probably three. Each cycle con-
sists of fore-reef, reef and back-reef or lagoonal deposits. 
The petrographic-lithologic characters of the Tertiary 
Main Limestone have been described by Henson (1950). He 
divided the formation into the following zones: 
(i) Back reef shoal zone: consists of hard, porcellaneous 
limestone and calcareous mudstone. Fossils are miliolids, 
Peneroplis with some coral and algal patches. , 
(ii) Reef zone:.which is composed of hard, procellaneous, 
massive, extremely irregular lithology. The main fossils 
are large colonies of corals and algae. 
(iii)Fore-reef shoal zone: which consists of porous, brecciated 
limestone, comprised of reefal debris. The main biological 
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components are echinoids, nummulit1dae and orbito1dae. 
Bai Hassan oilfield is smaller than K1rkuk and is 
situated to the south-east of it. Outcrops are less common, 
and most of the area is an agricultural plain. The main 
producing formation in Bai Hassan is the same "Main Limestone" 
as in Kirkuk. 
Jambur oilfield lies on the continuation of Bai Hassan 
but to the east. It is separated from Kirkuk structures by 
a syncline. The surface beds are mainly ·or the Lower Fars 
formation. The producine zone is the Tertiary Jeribe limestone 
which is the lateral equivalent of the "Main Limestone". The 
main producing zone now is the Qamchuqa Group limestones and 
dolostones. 
2. Definition of the Qamchuqa Group: 
In the very early reports of the Iraq Petroleum Company, 
the Qamchuqa was called the "Judea limestone", due to a mistaken 
correlation with the Judea formation of Cenomanian age, in 
Lebanon and Palestine. This wrong nomenclature has also been 
used by Barber (1948). 
The Qamchuqa formation was described for the first time 
in 1951 by R. Wet zel in an unpublished report. This report 
seems to be lost and we have only a transcription of some parts 
of it in the lexicon of Iraq (Van Bellen ~~. 1959). In the 
meantime there is a long list of report titles under the word 
"Qamchuqa" in the archives of the Iraqi Company for Oil X)perations 
Unfortunately~aga.in most of these reports are missing. 
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The word "Qamchuqa" is derived from the name of the 
type locality village; Qamchuqa, at the north-west of 
Sulyiamania town in northern Iraq (see Figure 3 for locations). 
The word is Kurdish and changes sometimes into Qamshuq. No 
apparent meaning can be concluded from it. 
Wet zel's Qamchuqa is the exposed, nearly vertical, 
massive, black to dark brown, dolostone, dolomitic limestone 
and dolomitic mUdstone forming the cores and the carapaces 
of most of the folded zone structures in northern Iraq. 
According to him (in Van Bellen ~ ale 1959), the Qamchuqa 
can be subdivided into the following parts: 
(a) Upper dolostone unit: 192 metres thick, consists of 
granular, coarsely crystalline, idiotopic and mosaic 
dolomite, replacing neritic, organic limestones with 
molluscan debris, miliolids, Cuneolina. spp., Pseudo-
c hrysalid ina. sp., sponee spicules, Permocalculus 
inopinatus Elliot. 
(b) Upper limestone unit: 28 metres thick. it is composed 
of detrital limestone with local mudstone horizons, 
partially dolomitized with Cuneolina sp., Orbitolina spp., 
and shell fragments. 
(c) Middle dolostone unit: 316 metres thick, made up of a 
coarsely crystalline mosaic or idiotopic dolomite with 
some interstitial silica~ 
(d) Middle limestone unit: 147 metres thick, which consists 
of massive, bio~ackestone, partially dolomitized, ·Nith 
f" 
some disseminated quartz grains in association with a 
glauconitic horizon in the middle of this unit. Biological 
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Geographic map of the most important locations mentioned in this work (after Van Sellen et al 1959) 
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Choffatella decipiens, Cuneolina spp. and Orbitolina spp. 
(e) Lower dolostone unit: 55 metres thick, which is composed 
of very coarsely crystalline dolomite without significant 
remnants of the original fauna. 
(f) Lower limestone unit: 61 metres thick, which is made up 
of massive, biowackestone, with abundant macrofossils. 
The microfauna includes Cnoffatella spp., Cuneolina spp. 
with abundant sponge spicules in some parts. Algae and 
molluscs are common also. 
These units are not constant or correlative through the 
whole Qamchuqa group in the north, because this subdivision 
depends mainly on dolomitization, which is variable from place 
to place. Consequently other sections may show a different 
arrangement of these zones. Hudson (1954) studied the Qamchuqa 
section in Bekhme Gorge which is to the north-west of Qamchuqa 
village and found different lithologies. He divided the section, 
on an age basis, into the follmving parts: 
(i) Upper dolostone unit: 106 metres thick, consistilljof light-
grey, thin-bedded dolomitic limestone without fauna. 
(ii) Albian section: 82 metres thick, which is composed of 
thick-bedded, grey or brownish-grey limestone with some 
shaly marl. Dolomitic limestone, sometimes with chert. 
Abundant foraminiferas such as Exogyra, Orbitolina discoidea 
Gras. The only important diagnostic fossil is Toucasia 
lonsdale d'Orbigny 1850, occuring in some abundance about 
25 metres above the base of the series. 
(iii)Lower dolostone unit: 76 metres thick, composed of massive 
or thick-bedded, dark, grey dolomitic limestone. No fauna, 
but bitumen is common. 
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(iv) Lower APlan unit: 164 metres thick~ the unit is made 
up of dark, grey, foraminiferal, shelly biowackestone. 
Occasional beds of nodular greenish marl or calcareous 
mudstone. Fossils include Choffatella decipiens 
Schlumberger, Orbitolina delicata Gras • 
. (v) Barremian unit: 178 metres thick, which is composed of 
marly, nodular, shelly biowackestone. Beds of dolomite 
are common. Fossils include Exogyra, lameIlibranches, 
gastropods, Choffatella decipiens without Orbitolina. 
(vi) Hautervian unit: 88 metres thick. The first 0.5 metre 
is made up of massive, bioNackestone with gastropods and 
oysters. The lower part is 2.25 metres thick, which is 
composed of marly, nodular limestone. The lowest of 
these beds contains shelly fauna where some corals have 
been found also. Other fossils include Choffatella 
decipiens and Pseudocyclammina sp. 
(vii)Valanginian unit: 110 metres thick, bedded, blue-grey 
mUdstone. In the lower part an alternation of thin 
bedded limestone and shaly limestone, containing 
ammonites and thin-shelled lamellibranches such as 
Pecten archiacianus d'Orbigny var. 
Dunnington (1959) excluded the Valanginian part from 
Hudson's description, and included it with the basinal Balambo 
formation. 
In Pirr-Mugrun mountain, near Sulyaimania, the ~amchuqa 
section is similar to the above section, but the Qamchuqa 
neritic limestone passes into the Balambo bathyal formation, 
as photographed by Henson (1950). 
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Henson (1950) studied the Middle-Lower Cretaceous of 
the Middle East as one unit and pointed out that this lime-









Well-bedded, dense and porcellaneous "chemical" 
limestones with few fossils. 
Massive, coarse or fine, crystalline calcitic or 
dolomitic limestone. 
Limestones, microdetrital in part with Orbltolina spp. 
Limestone, microdetrital in part with Dicyclina, 
Praealveolina spp. miliolids and peneroplidae. 
_ .Rudist reefs. 
Oyster beds and other shelly layers. 
Subordinate marls and an~drite lenticles. 
The first facies is characterisitc of the lagoonal lime-
stone of the Jawan formation, while the second type is present 
in the nerit ic zone together with facies (iii) and (iv). Rud ist 
reefs are found in Palestine and Saudi Arabia. Oyster beds 
are common allover the Middle East. The subordinate marls 
are probably tongues from the basinal Balambo formation, and 
the anhydrite is common in the supratidal zone of the shelf. 
Consequently Henson's facies are not arranged according to 
any stratigraphic scheme and they are not present together 
at anyone section or even in one country. 
The Qamchuqa section in Sefin-Dagh mountain, has been 
studied by the present author during the summer of 1916. 
Sefin-Dagh mountain is a lone anticline stretching in a north-
west - south-east direction, near Shaqlawa town. The forma-
tions comprising this anticline are given in plate (IA) and 
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Plate lA: General view sho'Ring tho m3in formations o£ the 
Sefin-Dagh anticline and parallel structures. 
The massive Qamchuqa. is on the le tt. In the 
middle of the photograph there is the thinly-
bedded Pilaspi ltmestone, followed by the red 
Gercus formation and the bluish Kolash 
formation. Compare with Figure 4,Shaqlawa. 
Plate lB: General view of the Qamchuqa outcrops near 
Shaqlawa town. The massive dark dolostone 
resting on the yellowish, white lumestone 
of the Shiranah formation. Doth formations 
are covered by bush and amall trees. Sefin 










also schematically in Figure (4). The formations from the 
youngest to the oldest include: Recent sediments - Upper 
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Fars - Lower Fars - Pilaspi - Gercus - Kolosh -Tanjero Shiranish 
and Qamchuqa formations. The Qamchuqa forms the ,core of 
the anticline, and the section is made up of maSSive, dark, 
dolomitized and neomorphosed limestone resting on the basinal, 
light-coloured and bedded Shiranish formation of Upper 
Cretaceous age (Plate IE) and (2A and E). The following 
lithological components have been encountered in the studied 
section from bottom to top: 
(A) Stromatolitic limestone: (Plate 12A), ~his component 
is most common in the lONer part of the section. It 
consists of weathered thin, stromatolitic laminae with 
bioturbation and burrowing features. The beds are made 
up of light brown or yellow limestone. Small caves are 
common in this IJart. Under the microscope the stromato-
lites are replaced by granular sparite (see Chapter 3). 
(E) }oin~s_co(\~o\1d clasts (Plate 3A and E) -' ~ome local horizons 
of . c\ ... ~ts • were found in parts of the section. These 
. el~.5h; are parallel to the bedding and show an aligned 
structure. They range in size between 5 and 15 centimetres. 
formed in place, apparently, by weathering 
along the joints and fractures of the formation. 
(C) Sparstone and microsparstone (Plate 19A and B): These 
are unusual rocks made up of well-developed large grains 
of sparite or microspar. The sparite is either neomorphic 
or of cement origin. These grains are intergrown with 
large crystals of anhydrite, silica or dolomite, (see 






















































Plate 2A anp B 
The striking difference is shown between the 
massive, dark-coloured dolostone and dolom1t~c 
limestone of the Qamchuqa group compared to 
the light-coloured, bedded, basinal limestone 
of the Shiranish formation, Sefin-Dagh mountai.n 
Shaqlawa. 
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PIa t e 3A: . .Joitlt-00>nh'6l\eJ c~ large c~~t;s rangine in lengt h 
between 5 and 15 em and consisting of fine-
grained dolomite and sparite. \ha ori9"~\ 'rec\-a.n£l",la,"" 
shep~ ha's 
mOVYl~il'l-




Plate 3B: Closer photograph of the , shown above •. 
These. cl'Cil~$ . are parallel to each other and separa.ted 
by a relatively deep grobve. Thl!.~ c::la5~S Cl\Y"e. 
believed to be developed by the weathering 
along different sets of joints and fractures. 





(D) Dolomite (Plate 20A and B): this is the most common 
component. The dolomite crystals are anhedral and 
of the xenotopic type (see dolomitization). Most 
of this dolomite is secondary and is believed to 
replace the original stromatolitic limestone. 
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The Sefin-Dagh section represents the landward part of 
the shelf, where stromatolites were common and well-developed. 
The presence of some lenticles of anhydrite suggests the 
nearness to the supratidal evaporitic conditions. 
3. Qamchuga in the Subsurface:· 
In 1953, Kirkuk deep test well No. 109 was drilled and 
the Qamchuqa formation was encountered between 1274.9 and 
1795 metres. McGinty and Pearse (1953 - unpublished report) 
divided the formation into two parts: 
(i) Qamchuqa dolomite: 123 m thick. This member consists 
of variably porous and fractured dolostone and dolomitic 
limestone. The grain size varies from very coarse 
idiotopic to finely crystalline aphanitic dolomite with 
relics of o~litic and pseud~itic limestones. Some 
bands of less dolomitized limestone contain miliolids 
and Pseudochrysalidina conica. They suggested a 
Cenomanian age for this member-. 
- (ii) Orbitolina bed: 392.6 metres thick. It consists of 
tight, grey, brown limestone with some dolomitized 
parts, with subsidiary intercalation of green pyritic 
and sporadically dolomitic calcareous shale. 
In their subdivision, McGinty and Pearse, neglected 
about 65 metres of calcareous shale, which they included within 
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the Orbitolina bed. This shale is now considered as a part 
of the Nahr Umr shale form3t ion in t he south. It seemed 
also that they did not notice the Jawan lagoonal influence in 
what they described as "some bands of less dolomitized lime-
stone contain miliolids etc.", which is the lagoonal facies 
of the shelf. These beds are termed stratigraphically, 
through this thesis, the Jawan limestone. 
Another deep well was completed during 1959 and is called 
Kirkuk well - 116. The stratigraphic subdivision of K-I09 
has been neglected, and McKinley (1959-unpublished report) 
divided the section into two main formations (1) Qamchuqa-
Jawan formation, (2) LO'Ner Qamchuqa formation, separated by 
shale unit. 
During this period, the stratigraphic nomenclature of 
Iraq was formulated and published in the lexicon of Iraq by 
Van Bellen et al. (1959). This formed the basis for the 
description and naming of the formations. Accordingly 
McKinley (1959-unpublished) found the following lithologies 
in the Qamchuqa-Jawan formation. 
a. 22.6 metres of dolostone, idiotopic, coarse, porous 
and heavily fractured with some local bands of mud-
stone. 
b. 35.3 metres thick of breccia with flow patterns. 
c. 38.7 metres thick, dolomite, porous, brown, coarse 
idiotopic. 
d. 54.9 metres thick, dolomitic limestone occurs in 
association with dark-grey dolomitized mUdstone. 
Fossils include ostracods concentrated at the 1962.9 m 
interval, and miliolids at 1963.2 m. The Lower 
Qamchuqa formation, according to him, is made up 
of 297.5 metres of monotonous alternation of buff, 
dense, locally porcellaneous mudstone, with grey 
mottled limestone. The buff mudstone is finely 
neomorphosed sometimes, where the mottled limestone 
29 
is fossiliferous, pyritic and frequently quite organic. 
The rock is frequently pelletal. The fauna includes 
miliolids, textularids, algae, echinoids, shell frag-
ments, Orbitolina spp., and Choffatella decipiens is 
recognized below the 2129.0 m interval. 
McKinley noticed that Kirkuk well - 116 could be correlated 
with Kirkuk - 109 section, if the classification scheme proposed 
by McGinty and Pearse in 1953 was changed, because McKinley 
noticed that the Orbitolina marker used by them is not constant 
throughout the shelf. 
However, McKinley's classification seems arbit~ry and does 
not differentiate between the variable environmental condit ions 
under which the Jawan and Qamchuqa formations were formed. 
While he suggested (in a 1961-unpublished report) during his 
study on the newly drilled Kirkuk well 117, that the actual 
boundary between the Jawan/Qamchuqa formations and the true 
Jawan facies be placed at the top of the Hibbarah anhydrite 
member. He noticed that this contact is arbitrary and the 
limestone above the anhydrite may be of Jawan facies. The 
problem of the Jawn formation is discussed later in this chapter. 
However, it is worth mentioning that the problem can be solved 
by dividing the Jawan into two sub-formations: the Jawan lime-
stone, which includes the miliolidic, lagoonal limestone and 
the Jawan anhydrite to include what is called the Hibbara 
member in the lexicon of Iraq. (Van Bellen ~ al., 1959). 
The Middle-Lower Cretaceous sediments of Kirkuk well 
117 were described by McKinley (1961-unpublished), to con-
sist of the Jawan formation, which is made up of clotted, 
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partly dolomitized limestone interbedded with massive anhydrite, 
which comprises some 40% of the total drilled thickness. 
The top of the Jawan/Upper Qamchuqa is placed at the 
incoming of grey, dense, conglomeratic limestone, containing 
abundant molluscan fragments echinoids, miliolids, reworked 
Orbitolina sp., algae and textularids. This limestone may 
overlie an unconformity between the two formations. 
The interval from 2030.9 to 2225.6 metres is considered 
to form the Lower Qamchuqa formation. It consists of dense, 
cream, locally chalky and dolomitized, clotted limestone. 
Fossils include Orbitolina spp., Choffatella decipiens 
Schlumberger, algae etc. 
The boundary between the Cenomanian beds above and the 
Upper Qamchuqa-Jawan formation is unconformable and there is 
a gradual replacement of Qamchuqa facies by the lagoonal facies 
of Jawan formation. The anhydrite in Kirkuk l17 can be traced 
with the Hibbarah member or Jawan evaporite formation. 
Edward Hart was in fact, the first geologist, who noticed 
that the Lower Qamchuqa formation in Kirkuk oilfield is 
correlative with the Shuiaba formation 01 Najmah well number 
29 (see Figure 6). Hart also noticed that there is unconformity 
at the top of the Lower Q'amchuqa fornation, because of the 
presence of organic, detrital, pyritic, slightly conglomeratic, 
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dolomitized limestone, which is overlain by greenish grey 
calcareous shale, which he called Upper Sarmord. He suggested 
that the dolomitization, the conglomeratic nature of some of 
the limestone, the worn Orbitolina, the sharp lithological 
change and the outgoing of Choffatella decipiens, indicate 
a sedimentary break. Although of short duration, it is equi-
valent to the unconformity at the top of Shuiaba formation, 
in the Mosul Petroleum Company oilfie Id s at Ain Zala, Butmah 
etc. 
In 1963, Kirkuk well 130 was drilled, and the stratigraphic 
nomenclature has been changed to be more correlative with the 
Middle-Lower Cretaceous sediments of southern Iraq. The Upper 
and Lower Qamchuqa have been renamed Mauddud and Shuiaba form-
ations respectively. 
The Mauddud formation in Kirkuk well 130 has been described 
by Hart (1963-unpub1ished report). It consists of a dolostone 
member (1191.2 to 1338.7m) and a lower member called the 
Orbitolina limestone member (1338.7 to 1428.3 metres). Accord-
ing to him, the dolomite of the upper section ranges in size 
from coarse to fine-grained, and this dolomite grades through 
dolomitic lagoonal limestones into thin beds of unaltered 
pseudo-oolitic limestones, which contain a lagoonal fauna of 
Cuneolina, Pseudocyclammina, miliolids and algae. The 
presence of lagoonal limestone and the abundance of diagenetic 
features such as anhydrization and silification indicate that 
this upper section is close to the Jawan evaporite lagoon, 
which probably induced the dolomitization process. 
The lower section is correlative with the Orbito1ina 
bed in Kirkuk well 109. It is sometimes do1omitized with 
shale beds. The fauna includes Orbito1ina spp. Pseudo-
chrysalid ina and Cuneolina spp. 
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The contact between the Mauddud formation and the overlying 
Dokan formation is unconformable. Between the two, there is 
a conglomeratic limestone bed 5 - 7.5 cm. in" thickness, 
composed of irregular, cracked pebbles of oligosteginal 
limestone. The pebbles contacts are stylolitic. The majority 
of these pebbles are from the Dokan formation, although some 
may be derived from the Qamchuqa fo~~tion itself. This 
conglomeratic limestone indic ates the presence of an intra-
Cenomanian tectonic movement. 
The boundary between the Lower Qamchuqa and wh"at was 
considered as Upper Sarmord (Nahr Umr nowadays) is uncon-
formable also, but the break is of short duration. It is 
connected with the uplift at the end of the Aptian and is 
correlated with the unconformity at the north-western part 
of the country. 
The Lower Qamchuqa or Shuiaba formation consists of 
neritic-shoal Orbitolina limestone with a dolostone bed at 
1554.2 to 1591.3 metres. The Orbitolina limestone above the 
dolostone bed is neomorphosed and heavily impregnated with 
bitumen, while the limestone below the dolomite is slightly 
dolomit ized by the first generation type (see dolomitization). 
Fauna includes Orbitolina, Pseudochrysalidina and algae. 
Drilling in the Bai Hassan oilfields_, which is a smaller 
structure to the west of Kirkuk, has encountered the same 
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succession of formations in the wells. In Bai Hassan well 
No. 13, intertonguing occurs between xenotopic, euhedral 
dolomite of the Qamchuqa facies am the lime mudstone of the 
Jawan formation. The lithologies of Bai Hassan Well 13 may 







Qamchuqa facies: brown, fine, euhedra1 
dolostone, porous fractured with some 
stylolites. No fauna. 
Jawan facies; Grey, neomorphosed mud-
stone, dense, clotted and pseudo-oolitic 
sometimes. Pyrite markings are present. 
The major biological components are 
lamellibranches, echinoids, ostracods, 
miliolids and textularids. 
Qamchuqa facies: Idiotopic dolostone 
and dolomitic limestone. No fauna. 
Jawan facies: as above. 
Qamchuqa facies: as above. 
Jawan facies: as above. 
In Bai Hassan-13, there are 119 metres of dolostone and 
dolomitic limestone, with 53 metres of lagoonal limestone. 
Whereas in Kirkuk 116, there are approximately 68 metres of 
dolostone with 81 metres of lagoonal limestone, whfuh indicates 
that the lagoonal limestone of the Jawan lagoonal limestone 
formation thickens westward of the shelf. 
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According to Hart and Hawkins (1963-unpublished report), 
the Shuiaba formation in Bai Hassan 13 consists of clotted, 
dense, mudstone w~h scattered quartz grains. Fossils are 
Choffatella decipiens, Orbitolina spp. 
In Bai Hassan-16, the same sequence has been encountered, 
although Hart and Gosling (1965-unpublished report) separated 
the Jawan formation into a distinct unit, and its top was 
placed at the first bedded anhydrite. HONever, this 
separation did not solve the problem because, as mentioned 
earlier, Jawan should be separated itself into a lagoonal 
limestone and evaporite. The sequence of Bai Hassan-16 is 
typical, with alternations of anhydrite, lagoonal dolomitic 
limestone and thin shale. The main biological components 
are Orbitolina sp, Cyclammina sp. and ostracods. 
In Jambur oil field, which is in the eastern part of the 
studied area, the same sequence has been found. However, 
the Upper Sarmord or Nahr Umr shale, which separates the 
Mauddud and Shuiaba formation in Kirkuk and Bai Hassan, 
wedges out, leaving a succession of dolostone, dolomitic 
limestone and even some lagoonal horizons, believed to be 
from Jawan lagoonal limestone formation. The differentiation 
between the two is not possible in the field, but de¥ends on 
microscopic and chemical analysis. 
The Lower-Middle Cretaceous succession in Jambur well-13 
has been described by Jameson and Hart (1962-unpublished report), 




Interbedded dolomitic limestone 
and idiotopic dolostone. 
Dolostone: Idiotopic, secondary in 
origin. No fauna. 
Interbedded dolostone, dolomitic 
limestone and limestone. 
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The formation can be separ~ted into two parts according 
to the age; an Albian part, from (2573.7-2869.7 m) and Aptian-
Barremian (2869.7-3256.2 m). Thus, the formation is correlative 
with the Upper ~amchuqa (Mauddud), Upper Sarmard (Nahr Umr) 
and Lower Qamchuqa (Shuiaba) formation, on the shore-ward 
part of the shelf, namely in Kirkuk and Bai Hassan. It is 
the absence or the presence of Nahr Umr, which determines the 
rock unit nomenclature. If there is no intervening shale of 
Nahr Umr, these formations are called collectively Qamchuqa 
formation. Where the Nahr Umr is present, the Qamchuqa has 
been separated into Mauddud and Shuiaba form~tions. 
The basinal Balambo formation, which is the bathyal 
equivalent of the Mauddud-Nahr Umr-Shuiaba and others, has 
been encountered in Jambur-18, in the eastern half of Jambur 
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field. Consequently, the line separating the basinal facies 
from the neritic may pass through Pulkhana-5 and Jambur-1B. 
In Jambur-20 well, most of the section is made up of 
Orbitolina-bearing mudstone and wackestone, with some 
horizons of dolostone. Jawan conditions influenced some 
parts of the section, where fine, lime mudstone with miliolids 
and pyrite patches are present. Most of the Jambur-20 section 
is equivalent to the Mauddud formation only. Small and thin 
lenticles of shales, believed to be from Nahr Umr shale, are 
also found. The correlation suggested by the present author 
between Qamchuqa outcrops, and its subsurface sections in 
Jambur, Bai Hassan and Kirkuk are sho\vn in Plate lC. The 
Upper part of Jambur-20, which is rep~esented by limestone 
with little indication of belonging to the Qamchuqa, is 
considered as part of the Jawan formation, or equivalent to 
the detrital limestone described by Hart (1963 unpublished) 
from Kirkuk well-130 and it is excluded from the formation, 
although it was included within it in the company's reports. 
In order to describe clearly, the suggested solution to 
the problem of correlation between the southern and northern 
parts of Iraq, the following formations should be described 
in some detail. These are (Figure 5): 
(A) Mauddud Formation (B) Nahr Umr (C) Shuiaba 
(D) Ratawi and (E) Garague. 
A. Mauddud Formation: 
This formation was described for the first time from 
Dukhan well No.1, in Qatar by Henson (1940 unpublished and 
cited by Van Bellen ~ al.,1959). The formation also has been 
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(1975) studied the formation in some detail from the Kuwait 
oi1fields •. 
The Mauddud formation was described from Iraq by Owen 
and Nasr (1958) in the Basra area. They suggested that the 
formation consists of 110 to 168 metres of organic, detrital, 
locally pseudo-oolitic, cream-coloured limestone, broken by 
occassional green or bluish shale layer. The type locality 
of the formation is in Zubair well No.3. Faunas include 
Iragia simplex, Praealveolina, Trocholina and others. 
Sugden !i ale (1975) amended Henson's definition, and 
described the formation from Abu-Dhabi as an earthy, porous 
limestone which tends to be marly at the bottom. Power (1968) 
designated the term "Maud dud " to what he called marly dolomite 
(may be dolomitic mudstone?) from Safaniya well No. 17 in 
Saudi Arabia. 
James and Wynd (1965) described the Mauddud as a member 
of the Sarvak formation in Iran, as a thick-bedded, grey to 
brown, Orbitolina-rich limestone. The same description has 
been given by Stocklin !i~. (1972) in the lexicon of Iran. 
In this thesis, the Mauddud formation is considered to 
be the Orbitolina-bearing wackestone and mudstone, which is 
extensively dolomitized and neomorphosed. This definition is 
in agreement with Dunnington (1959), Hart and Chatton (1960-
1961 - unpublished reports), Buday (1975 - unpublished report). 
The age of the Mauddud formation is still controversial, 
Sugden ~~. (1975) suggested an Albian age, whereas Owen and 
Nasr (1958) considered it as Cenomanian as did James and Wynd 
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(1965). Dunnington (1959) and (1975 - personal communication) 
favour an Albian age, as does Al-Shamlan (1975). Nowadays 
it has been settled, except in Iran, that the age of this 
formation should be Albian. However, according to Dunnington 
(1975 - personal communication) the Iranian geologists have 
been convinced with the Albian age and have agreed to change 
their stratigraphic nomenclature to a nomenclature similar 
to that of Iraq and neighbouring countries. 
B. Nahr Umr Formation: 
This name has been used for the first time by D. Glynn 
Jones (1948 - unpublished report), and then by Barber (1948) 
and Rabanit (1951 - unpublished report). The description of 
Owen and Nasr (1958) of the formation from Nahr Umr well No. 
2 in southern Iraq is considered as the formal type locality 
description. According to them, the formation consists of 
black shales interbedded with medium to fine-grained sand 
and sandstones with lignite, amber and pyrite. Also there 
is a prominent limestone member in the upper third of the 
formation and according to Dunnington (1959), this member 
is called Dair limestone and contains Orbitolina spp., algae 
and molluscs. 
Hart and Chatton (1960) divided the ITahr Umr into two 
parts, the Nahr Umr shale and Nahr Umr sand. Buday (1975 -
unpublished) rejected this division and the correlation 
already established between Nahr Umr and what is called Upper 
Sarmord formation. Buday's objections are: 
(i) It is not possible to distinguish between the sand and 
shale units in the subsurface. 
(ii) The Sarmord is marlstone and cannot be correlated with 
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the shale of Nahr Umr. 
Buday (1915-unpublished ) ignored the fact that what is 
considered as Upper Sarmord in Kirkuk and Bai Hassan oilf.i~1ds, 
is not marlstone but a calcareous shale. Hart and Chatton's 
(1960-61 - unpublished) idea was not to exclude the Sarmord 
formation completely from Iraq geology and replace it by the 
Nahr Umr, because Hart (1915 written co~~unication) recognized 
that the Sarmord is a marlstone unit with globigerinids and 
cristellarids. However, this definition does not apply to 
the calcareous shale found in Kirkuk and Bai Hassan, and their 
suggestion was to replace the Upper Sarmord with the Nahr Umr 
in areas where the name Upper Sarmord is giv"en to the calcareous 
shale, rather than marlstone. Concerning the subdivision of 
Nahr Umr into shale and sandstone, this classification is not 
practical and in fact there is no need for it because it does 
not " c::ontlict with the sche~e of nomenclature. 
, t,:, G2......" ,....IM"-~ 
The age of this unit is Albian, and the most corr~on fossils 
are Orbitolina c~discoidea, Orbitolina cf concavat~, and 
Trocholina altispira (Van Bellen !! ale 1959). 
C. Shuiaba Formation: 
This formation was introduced by Rabanit (1951 - unpublished 
report). Owen and Nasr (1958) described the formation from 
the southern part of Iraq as a dolomitic limestone, coarsely 
crystalline with some neomorphosed rudists and Orbitolina spp. 
and Choffatella decipiens Schlumberger. Dunnington (1959) 
amended this definition and redescribed the formation from 
Zubair well No. 3 to be a pseudo-oBlitic limestone with some 
clastic influx, followed by lime mudstone changing into chalky 
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limestone, and about 9 metres of neomorphosed limestone with 
glauconite and globigerinids, overlain by a sequence of 
limestone and shale streaks, representing the top of the 
formation. 
The formation is also present around the Arabian Gulf 
where it is included in the Thammama group, and Hassan et ~. 
(1975) studied the formation and considered it as a variable 
fossils~earing, neritic limestone. 
As mentioned earlier, Hart and Chatton (1960-1961 -
unpublished) were the first to correlate the Shuiaba and 
~ 
what is called the Lower Qamchuqa formation in the northern 
oilfields. The typical Shuiaba formation, as found in the 
subsurface sections of Kirkuk and Bai Hassan, is similar to 
~he succession described by Dunnington (1959). The formation, 
contrary to Owen and Nasr's description, shows very little 
indication of dolomitization. The same phenomenon has been 
found by Hassan ~~. (1975) in their study on the formation 
in Abu-Dhabi. 
The globigerinid-bearing zone, described by Dunnington 
(1959) as a part of the formation, is either a sample con-
tamination or a tongue fro~ an equivalent basinal formation. 
In either case, it should be excluded from the original 
definition, because the Shuiaba is considered as a neritic 
to shoal facies allover the ~iddle East. 
According to Buday (1975 - unpublished report) the age 
of Shuiaba formation is Hauterivian to Aptian. 
In the mountain area of northern Iraq, where the Qamchuqa 
formation is exposed and ~ond the feather-edge of the Nahr-Umr 
shale, the separation of the formation into Mauddud and 
Shuiaba is impossible by ordinary field studies. It needs 
detailed sampling and micropalaeontological investigation. 
D. Ratawi Formation: 
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Ratawi formation was first introduced by S.N. Nasr (1950 -
unpublished report). Owen and Nasr (1958) described the 
formation from Ratawi Well No.1, southern Iraq. According 
to them the formation consists of massive pyritic shale, 
greenish to dark in colour and interbedded with pseudo-oolitic, 
detrital, pyritic limestone. The main biological components 
are Pseudochrysalidina, Ostrea, cyclammina, Trocholina spp. etc. 
The age of the formation is considered to be Neocomian 
by Owen and Nasr (1958), but Dunnington (1959) attributed a 
~autervian-Valanginian age to the formation, as did Buday 
(1975 - unpublished report). 
Chatton and Hart (1963) amended the definition of the 
formation by emphasising the lithological difference between 
the Ratawi and Yammama formations. The.1considered the 
Yammama formation to be a calcarenite (the pelletal, pseudo-
o~litic and the oolitic limestone), and they lowered the 
Ratawi lower boundary to include the limestone which does 
not have the Yammama characters~ 
Rt the same time Chatton and Hart (1963) and Hart (1975 -
written communication) noticed that the usage of Middle 
Sarmord, to indicate the calcareous, euxinic, massive shale 
a 
which separates the Shuiaba from Glrague' in the Kirkuk oilfield 
is in error. The Sarmord is by the original definition a 
basinal marlstone with planktonic foraminifera. Consequently 
the term "Ratawi" should replace the wrong term "Middle 
Sarmord" in Kirkuk and Bai Hassan oilfields. 
E. Garague Formation: 
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This formation was described for the first time by 
Wetzel (1950 - unpublished reports) from the Chia Gara 
anticline, near Amadia town, northern Iraq. The Garague, 
according to him, consists of three lithologies. The upper 
part is ferruginous oolitic marl and sand stone, follov/ed by 
organic detrital limestone, whereas the lower part is otilitic 
limestone with coarse sandstone and sandy oolitic limestone. 
In the subsurface, the Garague formation has been encoun-
tered in Kirkuk well 109, where it is composed of ferruginous 
clastics, with oolitic limestone, and coral-algal banks. In 
Kirkuk 117, the formation consists of dolomitic, oolitic, 
pelletal and clotted limestone and the lower five metres are 
composed of dolostone with sandy traces. 
In 1960, Hart and Chatton discarded the Garague as a 
valid form3tion, and included it within the Yammama formation. 
This practice was not useful and the Garague is a valid and 
important lithological unit. Consequently, Hart and Chatton's 
nomenclature is not accepted. 
Buday (1975 - unpublished report) suggested keeping the 
Garague formation and also to include the late Berriasian-
Hautervian sequences of oolitic and pseudo-oolitic, organic. 
and detrital limestone, with a variable mixture of pelletal 
to clastic components. This naming will be accepted throughout 
this thesis. 




This formation name is still informal. The formation 
was found by J. Gaddo (Gaddo, 1974 personal communication) 
and Dunnington (1975 - personal communication also) and has 
been described by Chatton (1962) in an unpublished report. 
According to Chatton, the Wajnah is of Upper Santonian -
Lower Campanian age and consists of fine-grained, lagoonal 
limestones. The 'Najnah is found only around the Mosul area, 
as at Ain Zalah, Mushorah, Gullar, Ibrahim, Sasan and Gusar. 
Gir Bir Formation: 
Gir Bir is of Cenomanian - Turonian age, and consists 
o~ 
mainly of various typ~Alimestone, partly dolomitized and 
neomorphosed. The formation was described for the first 
time by H.V. Dunnington (1956 - unpublished report) from 
Mushoraul Well No. 1. Hart and Hay (1974) described the 
formation from Ain Zalah oilfield as a white dense, sparitic, 
bioclastic limestone of Cenomanian age. The formation is 
found only around the Mosul area. 
In 1974, in their study on the Ain-Zalah oilfield, near 
Mosul town, northern Iraq, E. Hart and J. Hay, introduced for 
the first time the term "Qamchuqa Group" to include, in as-
cending order, the Mauddud, Gir Bir, and Wajnah formations. 
Although, later, Hart (1915 - written communication), pointed 
out that this group was created because the more,detailed 
distribution of the three comprising formations would not be 
recognized in the subsurface, due to neomorphism and dolo-
mitization. The introduction of the 'Qamchuqa Group' is 
impractical and not useful. A more suitable term for this 
group is Ain Zalah Group, as Hart remarked (1975 - written 
communication) • 
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Inevitably, two objections will arise on the introduction 
of the Qamchuqa group in its present state: 
(i) The very limited distribution of both Wajnah and Gir 
Bir formations and their restriction to very limited 
areas, which are the Ain Zalah oilfield and the other 
neighbouring small oilfields. 
(ii) There are two relatively large unconformities separating 
Wajnah from the Gir Bir and the Gir Bir from Mauddud. 
Referring to the article-9 of the code of stratigraphic 
nomenclature (in Krumbein and Sloss 1963), a group is defined 
as " a rock-stratigraphic unit, next higher in rank than a 
formation. A group consists of two or more associated formations." 
On its use and composition, the code stated that "groups are 
recognized for the purpose of expressing the natural relations 
of associated formations having significant lithologic features 
in common," and accordingly, the components of the group are 
not necessarily the same everywhere. 
Concerning the change in rank of a certain stratigraphic 
unit, the code affirmed that "the wedgeout of a component 
formation or formations may justify the reduction of the group 
to formation rank, retaining the same name. When a group is 
extended laterally beyond where it is divided into formations, 
it becomes in effect a formation, even if it is still called 
a group. When a previously established formation is broken 
down into two or more components units that are formally given 
formation rank, the old formation, with its old geographic name, 
should be raised to group status." 
Starting from the less complicated stratigraphic nomenclature 
in southern Iraq, the Lower-Middle Cretaceous deposits 
consist of the following formations in descending order: 
Mauddud formation: dolomitized neritic limestone 
Nahr Umr formation: shale and sandstone 
Shuiaba formationv: neritic limestone 
Ratawi formation: shale 
Garague formation: neritic limestone 
Sarmord formation: basinal marlstone 
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In the northern part of Iraq, three different situations 
are present. 
(i) In the north-western oilfields such Ain Zalah,Mushorah, 
Sasan, etc. which was the concession of Mosul Petroleum 
Company, the above nomenclature is altered and the 
following formations have been found: Wajnah, Gir Bir, 
and Mauddud. Due to the difficulty in differentiation 
between these units in the subsurface, the term "Ain 
Zalah Group" will be used to include the whole succession. 
(ii) In Kirkuka"dBai Hassan oi1fie Ids, the same succession is 
present, but under different names. These are: 
1. Upper Qamchuqa (dolomitized neritic limestone) 
2. Upper Sarmord (shale) 
3. Lower Qamchuqa (neritic limestone) 
4. Middle Sarmord (shale) 
5. Garague (neritic limestone) 
6. Lower Sarmord (marlstone) 
As mentioned earlier, these formations are very similar 
to those found in southern Iraq and the different nomenclature 
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resulted from the presence of two oil companies with 
different staffs and nomenclatures. Consequently, in order 
to establish a correlation between the south and north, the 
southern nomenclature will be adapted and the above naming 
is abolished. Furthermore, since all the limestone units 
hive similar characters, as all of them are neritic limestones, 
the . Qamchuqa groupsho~ld contain all the three 
limestone formations. This replaces the ill-defined Qamchuqa 
group of Hart and Hay (1974). 
(iii)In the Jambur oilfield and the outcrops such as at 
Qamchuqa village, Bekhme Gorge, Sefin Dagh, both Nahr 
Umr and Ratawi formations wedge out, leaving one 
continuous seccession of neritic, dolomitic limestone. 
According to the stratigraphic code, the Qamchuqa group 
of the oilfields will be reduced here into a formation. 
The detailed new stratigraphic scheme, compared with the 
previous nomenclature; is given in Figure (6). 
Previous Works: 
Most of the work on the subject is in the form of unpublished 
internal reports. However, from the early days of exploration 
and exploitation of oil from Iraq, a considerable number of 
papers have been published. 
F.R.S. Henson is considered to be thepioneer in studying 
the geology of the Middle East in general and Iraq especially. 
Henson's ability for scientific interpretations and .his 
fantastic geologic knowledge, led to a series of papers on 
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the geology of the Cretaceous horizons in the Middle East, 
Henson (1940, 1948, 1950, 1951). These, with the works of 
Bolton, Baker, Lees and others represent the cornerstone of 
the geology of Iraq. 
Most of the geological research has concentrated on the 
Cretaceous and Tertiary rocks, due to the presence of oil 
and gas accumulations in the horizons of these two periods. 
Dunnington (1958) wrote a comprehensive geological history 
of the country, and then, all the geological knowledge at 
that time was summarized in the lexicon of Iraq, written by 
Van Bellen, Dunnington and Wetzel (1959). Naqib (1959) 
studied the geology of the area around Kirkuk, including 
the Cretaceous deposits. In 1972, he interpreted the 
geology of Ir~~using the new theories of continental drift 
and plate-tectonics. 
Owen and Nasr (1958) described the subsurface formations 
in southern Iraq, including those from the Cretaceous. Sayyab 
(1966) studied the oil possibilities of the Upper Jurassic to 
Middle Cretaceous sediments of southern Iraq. AI-Qaraghuli 
et ale (1970) delineated the petrographic chemical properties 
--
of Rumaila oilfield sediments, including samples from the 
Shuiaba formation. 
Between 1960-1961 E. Hart and M. Chatton, revised the 
current ideas about the stratigraphy and sedimentology of 
the Cretaceous of Iraq, introducing new formations and discarding 
many old names. Unfortunately most of their work is still 
unpublished. Hart and Hay (1974) studied the geology of 
Ain Zalah oilfield in Mosul area, northern Iraq. 
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Metwalli ~ ale (1974) described the Qamchuqa formation 
from Syria, and especially from Gebel Abd-Elaziz mountain 
and from Al-jebissa oilfield • 
. Twombleyand Scott (1975) studied the reservoir characters 
of Shuiaba formation, in their study of the development of the 
Bu Hasa oilfield in Abu-Dhabi. Hassan et ale (1975) investi-
gated the stratigraphy and sedimentology of the Thammama group, 
including the Shuiaba formation in Abu-Dhabi. Harris et ale 
(1968) studied the formation in the Murban oilfield. 
Nikolaevskii (1972) examined the Qamchuqa in part from 
north-east Syria. James and Wynd (1965) defined the Mauddud 
as a member of the Sarvak formation which is in turn part of 
the Bangestan group. They also described and defined the 
Kazhdumi formation, which is the equivalent of the Nahr Umr 
shale formation in Iraq and Arabia. Reyre and Mohafez (1972) 
wrote a short geologic history of Iran, including some similar 
points to that of Iraq. 
Cordey (1971) studied the Qamchuqa equivalent, Mardin 
formation from the south-western part of Turkey and sugge~ted 
a non-reefal neritic origin. 
Bein (1976) examined the petrographic and sedimentological 
properties of the Qamchuqa equivalent in "Israel" and considered 
it as rudistid "fringing reef. If 
AI-Shamlan (1975) discussed the petrological characters 
and the different facies of the Mauddud formation in some 
oilfields of Kuwait. 
51 
Elliot (1958, 1968) described the calcareous algae of 
Iraq, and illustrated and defined many algae from the Qamchuqa 
group formations. 
Cenderero Uceda (1971), without any obvious reasons, 
name 
introduced the term "Asmar" formation to replace theA ~amchuqa 
This nomenclature change is inapplicable and in error. 
Purser (1976) described some of the conditions affecting 
the porosity development in the Middle East carbonate reservoirs, 
especially those from the Mesozoic. 
AI-Omari (1972) compiled the first part of a bibliography 
on the published works on Iraq. Hart (in preparation) prepared 
another bibliography for the Middle East in general and Iraq 
in particular. 
Buday (1975) summarized our present knowledge about the 
geology of Iraq in an unpublished report. 
CRAPrER TWO, 
SEDIMENTOLOGICAL HISTORY OF NORTHERN IRAQ 
DURING THE MIDDLE-LO"NER CRETACEOUS 
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Cretaceous deposits of Iraq in general, are distinguishable 
from sediments of other periods by the following characters: 
(1) The exceptionally great thickness of these sediments 
compared with those above or below. Formations several 
hundreds of metres thick, were deposited in the Cretaceous 
1n sin. For example ,tl.cBalambo formation is 792 metres ,t~eSarmord 
455 metres andlk'~amchuqa is 799 metres thick. We know that 
these sediments, except the Balambo, were deposited in shallow 
to medium-depth water. This "indicates the rate of subsidence 
of the depositional shelves during the Cretaceous. 
(2) The pre-Cretaceous formations preserve their identity 
over long distances, but in the Cretaceous, there are many 
l~al formations. In fact, forty of the seventy-five formations 
distinguished in the geologic column are.of Cretaceous age, 
and four others range over the Cretaceous-Jurassic boundary. 
This ~omplexity is due to the complicated tectonic and sedimen-
tological development during this period, controlled by blocks, 
grabens, shoal islands etc. 
(3) In contrast to the Jurassic succeSSion, which contains 
only one erosional unconformity, in the Cretaceous there are 
five major unconformities. These are, an Intra-Berri asian 
suspected unconformity, Albian/Aptian, Cenomanian/Albian, 
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Turonian/Cenomanian, and Laver Senonian/Turonian in age. 
1. Sedimentary Framework of Iraq During Middle-Lower Cretaceous: 
There are some tectonic and sedimentological features which 
characterized and influenced the depositional history during 
the Middle and Lower Cretaceous period in northern Iraq. 
These features were not confined to Iraq only and according 
to Chatton and Hart (1961 - unpublished report), they extend 
outside the territory. Since the following terms will be used 
often throughout this thesis, a short summary is given here: 
A. The permanent basin: the basin is the most negative area 
in Iraq. It occupied the area from Sulyimania town in the 
north, and its axis is on the Bulkhana-Naft-khana and most of 
the eastern border of the country (see Figure 7). It was 
characterized by continuous sedimentation during all the Middle 
and Lower Cretaceous time, and is mainly represented by globi-
gerinal, basinal biomudstone of the Balambo formation. 
B. The Shelf Area: this area was situated to the west of 
the permanent basin. It is confined between the Pulkhana-Jambur 
18 axis and the K-116-Hemrine north. (Figure 7). The area 
is characterized by neritic deposition during all the Lower 
and Middle Cretaceous period where Garague, Shuiaba and then 
Mauddud formation were deposited. 
C. The Lagoonal - Supratidal Zone: this zone is confined 
between the Hamrin north - K-116 axis and slightly west of 
Jaw an , Mushorah oilfields, and includes areas such as the 
Khurmala dome, Qarah-chauq, Jawan, Najmah etc. Two types of 
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Fig. 7:- Sedimentary and tectonic framework of' N. IRAQ during Cretaceous time-
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extreme westward side of the basin, supratidal conditions were 
common, and the Jawan evaporite formation was formed while in 
the eastern part of the zone, lagoonal pelletal limestone of 
Jawan formation was formed, with intertonguing and interdigit-
ation between the two facies. 
D. TwMosul Block: This is the most positive area during 
most of Cretaceous period. It occupied the area from Rawandoz 
~ 
in the east and allAthe Jresent day Mosul area. 
The area was positive and no Lower-Middle Cretaceous 
sediments are found in it. During certain periods, the Mosul 
block represented a source of clastic influx to the basin. 
E •. ~ The Gaara-Khleisa High. This is also a positive tectonic 
area, characterized by non-deposition or erosion. The only 
deposition in this area was during the Upper Campanian-
Maestrichtian cycle, where a neritic limestone was formed. 
2. The Jurassic-Cretaceous Beundary: 
An old controversy is whether there is an unconformity 
separating the Jurassic from the Cretaceous sediments. This 
is one of the persistent problems of Middle East geology and 
Iraq in particular. 
Dunnington (1959) suggested that sedimentation was con-
tinuous through the Jurassic-Cretaceous boundary, where the 
Chia Gara formation in norther Iraq is believed to be deposited 
continuously from Tithonian into Berriasian time. 
On the other hand, Owen and Nasr (1958) proposed that the 
Jurassic is separated from the Cretaceous by the Hith anhydrite. 
That in turn created a new problem, because anhydrite lacks 
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diagnostic fossils or special features which can be used in 
correlation or age determination. 
Banner and Wood (1964) studied the Cretaceous-Jurassic 
boundary in Umm-Shief oilfield in Abu-Dhabi. Although, they 
suspected most of the conclusions mentioned by Dunnington 
(1959) and other workers, they did not cite any clear solution 
or alternative to the problem. It seems that foraminiferal 
micropalaeontology, which they used, cannot supply the answer 
to the problem. 
Seyed-Emmami (1975) examined in some detail, the Cretaceous-
Jurassic boundary in the different part of Iran. He found that 
sedimentation was continuous through this period in the central 
and southern part of Iran, while there is an unconformity 
between the two periods in south-Alborz and Azarbaijan in the 
northern part of Iran. The unconformity is represented by 
red, continental sediments and evaporites. He suggested as 
an explanation that due to the Kimmerian movement, the sea 
regressed from northern Iran, while marine sedimentation con-
tinued in the other parts. 
Two major advances in sedimentology may help in solving 
the problem of the Jurassic-Cretaceous boundary in Middle East. 
(1) Alleman ~~. (1971) with other workers on the Jurassic-
Cretaceous sedimentation of North Algeria, Spain, and the 
Western Mediterranean in general, recognized independently, 
a zonation of the fossils calpionellids from the tintinnids 
group. This zonation together with Hegarat's (1971) zonation 
of ammonites' are given in Table (2-1). 
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Table (2-1): Ammonite and Calpionellid zonation, compiled 
by Seyed Emmami (1975)rrom Alleman et ale 
(1971) and Hegarat (1971). 














Jurassic Tithonian Jransitroius Qrassicollaria 
Hart (1962 - unpublished report) and Sayyab (1973) found 
some tintinnids and calpionellids in both Chia Gara and 
Sarmord formations. According to Hart the tintinnids prese~t 
in the ~r1stone of the Sarmord formation in Makhul Well No. 




Tintinnopsella zone , 1682.5-1703.8 m U. Berriasian 
Tintinnopsella/Calpionella 
zone ' 1703.8-1746.5 m L. Berriasian 
Calpione lla zone 1746.5-1769.4 m Tithonian 
The presence of all these zones indicate that sediment-
ation was continuous in the subsurface section of northern 
Iraq. It is worth mentioning here that ammonites are not 
useful in the subsurface where samples are only small chips 
and cuttings. Consequently ammonites cannot be recovered 
complete. 
(2) The recent investigations carried out by the Imperial 
College team (Evan~ Shearman, Kinsman, Kendall-works and 
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see Chapter 3) have shown that some of the anhydrite formed 
in the Arabian Gulf may be diagenetic in origin and initiated 
by displacement of the already deposited carbonates or other 
sediment types. This means that when the Jurassic is 
separated from the Cretaceous by anhydrite as in southern 
Iraq or Arabia, this may indicate a non-depositional period 
and the sea was shallow or the area was slightly positive. 
However, caution is necessary in dealing with this subject 
and other criteria in support of this assumption are needed. 
In summary, deep and medium-depth water sediments 
and the 
show no break between the JurassicACretaceous, and tintinnids 
are the only useful organisms for zonation of this period. 
In outcrops where macrofossils are available, ammonite zonation 
can be used together with tintinnids. However, a probable 
break is present in the shallower part of the basin, and the 
evaporites represented by the Hith anhydrite probably developed 
diagenetically in a subaerial environment and may indicate an 
unconformity between the two periods. 
3. The Intra-Berriasian Unconformity: 
Before discussing the sedimentation history during the 
Lower-Middle Cretaceous of northern Iraq, it is necessary 
to mention some points concerning the controversy concerning 
the absence or presence of an intra-Berriasian unconformity. 
H.V. Dunnington (1959, 1970 written communication) suggested 
that the Middle-Lower Cretaceous deposits of northern Iraq 
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are divided into two cycles separated by the intra-Berriasian 
unconformity. He suggested the following indication in 
support of his assumption: 
(a) Spath's (1950) zonation of ammonites from Chia-Gara 
formation in northern Iraq. 
(b) Makhul Well Nos. 1 and 2 had different thicknesses of 
what he assumed to be the Makhul formation. The thick-
ness of the Makhul formation in Makhul 'Nell No. 1 is 
140.6 metres compared to 6.3 metres in Makhul Well No. 
2. Dunnington suggested that this difference is due 
to the erosion of the formation during the intra-
Berriasian unconformity. 
(c) Dating of the Kirkuk Well-l09 formations. According to 
Dunnington (1916 - written communication), London company 
specialists found Spirocylclina., which also fits the 
unconformity idea. 
(d) The presence of Karimia Mudstone under the highly 
glauconitic, conglomeratic gastropod-rich Zangura tongue, 
also favours the above assumption. 
On the other hand, Hart (1962 unpublished report) re-inves-
. tigated the Makhul "'''ell No. 2 Tithonian-Aptian section 
and found: 
1. The interval 1614.9-1169.4 metres in Makhul 2, which 
was believed to be Makhul limestone, is in fact 
marlstone of the Sarmord formation. The calcarenitic 
limestone present is due to caving only. 
1i. Hart also studied the tintinnids content of this 
marlstone and found three zones. 
earlier, and include: 




(i) Tintinnopsella zone of Upper Berriasian 
age. 
(ii) Tintinnopsella/Calpionella zone of Lower 
t 
Berriasian age. 
(iii) Calpionella zone of Tithonian age. 
So all the Berriasian sediments are present, and no indi-
cation of removal has been recorded. 
Also, according to Dunnington (1976 - written communication), 
the Spirocylclina was found to be oxidized, glauconitized 
Choffatella decipiens Schlumberger, which means a great change 
in the age determination. 
Hart (1962 - unpublished) suggested that some glauconite 
and erosional features may result from the diachronism of these 
units during regressi ve and transgressLve cycles. 
More recently, Buday (1975 - unpublished report) claimed 
that the intra-Berriasian unconformity represented a sharp 
break allover the area, except in a few areas confined to 
the miogeosynclinal basin. 
In summary, the intra-Berriasian unconformity is present 
in the shallower parts of the basin, while sedimentation was 
continuous in the deeper zone. Hart's (1962 - unpublished) 
zonation of tintinnids is derived mainly from pelagic sediments. 
where there is no break in the succession. It will be assumed 
through this treatment, that the intra-Berriasian unconformity 
is present but confined to the unstable shallow zones. Con-





Tithonian-Middle Berriasian cycle) ) 
The Late Berriasian-Aptian cycle ) 
These two cycles are 
continuous in the 
miogeosynclinal part. 
(C) Aptian/Albian unconformity 
(D) The Albian cycle. 
(A) The Tithonian-Middle Ber~jan Cycle: 
The main rock units of this cycle were list by R.V. 
Dunnington (1959) and modified by Chltton and Hart (1960 -
unpublished) from shore to basin, as follows: Zubair formation~ 
Ratawi formation ---7~ Yamama formation--~) Qamchuqa 
format ion--~) Sarmord formation.--~) Chia Gara formation:----~) 
Balambo formation. 
The lithologies of these formations can be summarized as 
follows: 
(1) Zubair formation: alternation of sand and neritic shale. 
(11) Ratawi formation: i.nterbedded neritic shale and limestone 
with some limestone. 
(lll)Yamama formation: 'b,iowackestone, pelletic, o'olitic and 
pseudo-oolitic, with subordinate shales or marls. 
(lV) Qamchuqa formation: dolomitized neritic limestone. 
(V) Sarmord formation: s,ub-basinal marlstone and marly lime-
stone. 
(Vl) Chia Gara formation: basinal, pelagic, radiolarian, 
ammDnite-rich limestone. 
(Vll)Balambo formation: baSinal, globigerinal limestone. 
The evaporitic conditions which prevailed during the 
Upper Jurassic were replaced by neritic and pelagic sediment-
ation. The locally variable, small formations characteristic 
of the Upper Jurassic were reinstated by the pelagic facies 
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of the Chia tara formation. According to Buday (1975, 
unpublished) there was an influx of clastic materials, mostly 
fine-grained and derived from the weathering of the south-west 
and western part of the territory, during the relatively 
long Lower-Upper Jurassic unconformity. 
The basin during this cycle can be divided into the 
following zon~: 
(1) Basinal facies: extends mostly in the northern and north-
eastern part of Iraq, and is characterized by the 
presence of argillaceous or bituminous limestone and 
shale. The common biological components are ammonites, 
radiolarians and tintinnids. 
The facies is represented stratigraphically by the Chia 
Gara formation. 
(2) The sub-basinal facies: The lithology is marlstone with 
some marly limestone. The fauna is a mixture of both 
benthonic and pelagic fossils. Stratigraphically this 
facies represents the Sarmord formation which includes 
the previously defined Makhul limestone and also the 
Karimia mudstone. 
(3) Neritic facies: This facies io characterized by two 
facies: 
(i) Iteritic shale and limestone, characteristics of 
the Ratawi formation, which is found in Southern 
Iraq as well as in Kirkuk deep wells in the north. 
(ii) Neritic shale and sandstone of the Zubair formation 
which is present mainly in the south-western and western 
part of the country. 
(B) The Late Berriasian-Aptian Cycle: 
This cycle starts at the intra-Berriasian unconformity 
in areas where there is a break in sedimentation, whilst 
marine sedimentation continued without interruption in the 
miogeosyclinal area. 
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According to Buday (1975 - unpublished report), sedimen-
tation during this cycle was highly influenced by the non-
depositional areas in the west and south-west, and in the 
Khleisia uplift and the t~rdin height in the north in Turkey 
nowadays. In the deep parts, sedimentation was in the troughs 
developed allover the area. Sedimentation was affected by 
ridges, with north-west and south-west directions and mostly 
located over the old ridges which affected sedimentation 
during earlier cycles. The first geosyncline formed during 
this period was in the extreme north-eastern part of the 
territory. Outside Iraq, one of the main troughs is filled 
by calcareous, radiolarian and chert sediments with some vol-
canics of the Qulqula formation. (The formation is still 
informal and unpublished. It was first described by C.M. 
Bolton in an unpublished report). These sediments represent 
the eugeosyndlinal part of the geosyncline. In Iraq, the 
miogeosynclinal sediments run from Rikan and Zibar areas in 
the north-west to the Sirwan area in the south-east (Buday, 
~.~.) 
The miogeosynclinal deposits are represented by the 
Balambo formation, which consists of globigerinal, radio-
larian, ammonitiferous limestone with olive green marl and 
dark, blue shale (Dunnington 1959). The bathyal Balambo 
interfingers with the sub-basinal sediments of the Sarmord 
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formation or with the neritic limestone of Qamchuqa formation. 
Both lie in the north-west and south-west directions. 
Three sedimentation zones have been distinguished in 
the northern area. 
(i) The neritic zone, (Dunnington 1959): the axis of this 
zone runs in a north-west - south-east direction, from 
Amadiya town to Baski Zanur respectively, and represents 
the whole folded zone and some of the foothill zone. 
Sedimentation in this zone is mostly shallow water. 
The Qamchuqa group sediments and Sarmord formation have 
been deposited in this belt. 
(ii) The lagoonal zone: this zone includes the remainder of 
the foothill zone and the Mesoptamian geosyncline, to 
the line connecting Makhul-Baghdad-Dujaila and Uzair 
(Buday ~. cit.). the zone is characterized by a 
shallowing towards the east, and sedimentation shows 
some clastic influx as in Gara~ue formation. In this 
the was the 
zoneASarmordAalso deposited and~Qamchuqa b~3~e 
thinner. 
(iii)The Sandy zone: this includes the rest of the Mesoptamian 
geosyncline, although some of these sediments are found 
in Kirkuk oilfield. The predominant sediments are 
clastic, with some limestones. Stratigraphically, this 
zone is represent ed by the Zubair '0 Yamama and Ratawi 
formations. 
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The boundaries between the different bel~s are not sharp 
and in some cases a mixture of sandy and lagoonal sediments 
have been found, as in the Falluja area. 
(C) The Aptian/Albian Unconformity: 
Dunnington (1959) suggested the presence of this uncon-
formity. He remarked that "in the area. between Najmah and 
Makhul, the Shuiaba formation is overlain with slight uncon-
formity, but without detectable angular discordance by the 
shaly, anhydritic, lagoonal Jawan formation." 
Hart (1962 - unpublished report) suggested that all or 
a great part of, the Tithonian/intra-Berriasian and late 
BerriaSian/Aptian sediments were eroded from S,injar and 
adjacent areas. 
(D) The Albian Cycle: 
Sedimentation during the Albian Wa< not very different 
from the previous unit. Geosynclinal sedimentation was 
effected by the Austrian tectonic movement (Cenomanian-
Albian) and the already deposited Qulqula formation was 
subjected to erosion, thus forming the Qulqula conglomerate. 
Sedimentation continued as before in the unstable areas, where 
the Albian is separated from the Aptian by an unconformity 
in the stable area. 
The neritic zone is broader than in the last cycle, and 
reached the middle part of the foothill zone, to include 
Kirkuk oilfield and Qalian. In this zone the Mauddud form-
ation (the Upper part of the Qamchuqa group) and Sarmord 
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formation were deposited. Further towards the south-east 
and the south, the neritic facies are replaced by basinal 
facies of the Balambo formation. To the north-west, supra-
tidal or Sabkha, and lagoonal conditions prevailed during 
this period. The Jawan formation was deposited mostly in 
the rest of the foothill zone, north-west of the line 
connecting Tikrit-Samarra area. 
The western part of the territory is characterized by 
clastic sedimentation, represented by the Nahr Umr shale. 
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Some Notes on the Climatology of Iraq: 
Most of our knowledge about palaeoclimatology is 
summarized in Narin (1964). By palaeoclimatology is meant 
the temperature, amount of precipitation, evaporation, 
direction of winds, and other similar meteorological features 
prevailing in geological times. Most of these parameters 
can be determined roughly by the nature of sediments, and 
the fossils they enclosed. Lowenstam (1964) studied the 
temperature and climatic conditions by measuring the oxygen 
isotopes of some fossils and sediments. 
(A) Present Day Climate: 
In general, there is no indication of sudden change in 
the climate of Iraq during the Mesozoic era nor of the present 
day. Harris (1961) studied the land snails of parts of 
northern Iraq and suggested that the climatic conditions 
hM not change over the last 50,000 years, and there is not 
much indication that it has changed sharply from the Mesozoic 
to the present days. 
The southern part of Iraq is characterized nowadays by 
marshes and lagoons (Ahwar), where lime mudstone is precipi-
tating. In the more restricted areas, an euxinic environment 
is common, and H2S can be smelkJfrom a distance. Water depth 
is not more than one metre, and the bottom is covered with 
vegetation. Around these lagoons, wide, salt-encrusted land 
called sabkha is present. The surface is wet during the early 
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mornings and during winter, but during hot days the surface 
is hard due to anhydrite or a salt crust. Some plants, 
called locally "Tarfa", are common, with needle-shaped 
leaves. These are salt-encrusted by evaporation of salty 
water from their surface. These leaves were used by fisher-
men by putting them in fishes before roasting, as a source 
of salt. 
This picture is highly correlative with the assumed 
configuration of sedimentary environments during the Jurassic 
and Cretaceous. 
Climate in Iraq is usually divided into two long seasons: 
(1) Summer season: which extends from May until October. 
During this period, temperatures are very high, up to 600C, 
land surfaces fracture from dryness in areas which are not 
reached by rivers, and vegetation usually dies. Two wind 
directions are common; (a) strong,north-east wind, very hot 
and dry; (b) the second type blows from the Arabian Gulf in 
the south, and this wind mitigates the intensity of heat and 
usually blows during night. 
(2) The Winter season: which continues from November to 
March. ~emperature falls many degrees below zero. Due to 
high pressure systems in the central part of the country, a 
north-east wind blows toward the Arab Penninsula. This wind 
blows across Iraq as a cold, north-westerly wind. Rain is 
brought by the passage of depressions from the Mediterranean 
sea, to the west. 
Rain, temperature and relative humidity, for the last 
20 years of Iraq are shown in tables (2-2 and 2-), extracted 
from Adams (1965). 
Table (2-2) Temperature precipitation and humidity at 
Baghdad 1937-1956 (after Adam 1965) 
Temperature in CO mean 
rainfall Month (in m.m· ) mean max. mean min. mean 
January 15.7 4.1 9.4 23.4 
February 18.4 7.4 ll.7 29 .. 0 
March 21.9 8.9 15.5 28.8 
April 28.8 14.3 21.5 13.6 
May 35.8 19.6 27.4 3.3 
June 40.8 22.9 31.9 trace 
July 43.3 25.0 34.2 trace 
August 43.3 24.7 33.6 trace 
September 39.7 20.9 30.1 0.1 
October 29.4 17.5 24.0 3.1 
November 24.7 10.5 16.6 19.0 

















Table (2-3): Monthly rainfall at Baghdad (B) and 
AI-Mansyriya (M) in mm 
1954 1955 1956 
Month 
B M B M B IIi 
January 13.8 25.0 54.1 62.2 7.5 24.4 
February 44.4 50.0 11.3 67.1 8.5 None 
March 69.5 99.0 15.1 4.8 26.1 67.1 
April 21.6 45.0 31.7 57.9 44.8 None 
May trace None 13.0 39.6 None None 
June None None 2.5 None None None 
July None None None None None None 
August None None trace None trace None 
September None None None None None None 
October 10.8 19.0 10.8 None None None 
November 27.0 33.0 12.5 13.7 trace None 
December 90.1 40.0 27.5 125.0 4.6 27.0 

















(B) Lower Cretaceous Palaeoclimatology: 
It seems obvious from the work of Bowen (1961) on the 
Mesozoic of Poland and Germany, Teiss et ale (1957) from 
Crimean rocks in the USSR, and Lowenstam (1964) that the 
Lower Cretaceous started with a cool period, especially 
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during the Haut erv ian, Barremian and Aptian (see Figure 8). 
Teis. et~. (1957) noticed a fairly constant temperature 
during these periods, averaging around l3.30C, determined by 
measuring the oxygen isotopes of Belem~nites and other fossils. 
Bowen (1961) gave an average of l6-l80 C during these periods. 
According to some workers, the Albian is characterized by a 
high temperature, as Teiss et ale (1957) recorded (24-260 0) 
in some of the Crimean rocks in USSR. Bowen's number is 
fairly similar (24 00). 
Lowenstam (1964) plotted a graph showing the latitude 
against temperature extraded from measurements of oxygen 
isotopes from rock samples from many places in the world. 
By plotting the position of Kirkuk town on Lowenstam's graph, 
the temperature of northern Iraq during the Albian is also 
about 240C (see Figure 9). 
Due to the absence of evaporitic sediments from the 
geologic column during this period, the temperature of 
northern Iraq during the Barremian-Aptian appears to be 
relatively low. In contrast, the relatively high temperatures 
during the Albian are associated with the Jawan evaporitic 
formation, which is believed to have been deposited during 
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Fig. 8:- Temerature variation through the Cretaceou s. 
(after Bowen 1961 ) 
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Latitude vs temperature during the Albian. 




I The problem of Carbonate Rocks Classification: 
The classification of carbonate rocks is a problem both 
in the development of carbonate petrography in general, and 
quantitative analysis in particular. The methods and para-
meters of classification were borrowed from neighbouring fields, 
such as clastic petrography, igneous or metamorphic petrology, 
and even from metallurgy or other fields. Some of the para-
meters are found to be very applicable and fulfil the required 
purposes but others need some modification or redefinition. 
The most widely used limestone classification, introduced 
by Folk (1959) was derived, according to its author, from 
Krynine's classification of sandstone as modified by Pettijohn 
(1957). The basic idea behind this classification, is that 
as sandstone is divided into matrix and grains, Folk divided 
the limestone into micrite and' allochems with the addition of 
a new component (sparite) for the cementing materials. Sand-
stone isamore or less simple rock, and its recrystallization 
to quartzite is direct and clear. In contrast, multi-phases 
and multi-stages complicate the processes of recrystallization 
and diagenesis in limestones. Also, there is no dolomitization, 
dedolomitization, micritization or algal-boring in the sand-
stone. In order to avoid all these variants, Folk (1959) 
ignored the field of recrystallization and diageneSiS, and 
mentioned that his classification is applicable to the un-
recrystallized, undolomitized limestone only. Anyone with 
experience in carbonates will realize directly that it is 
very rare to find - except for some iecent sediments - a 
succession of carbonates free of dolomitization and re-
crystallization. 
Folk's classification is a genetic one, which derives 
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its importance from the fact that it relates the rock to its 
environment of deposition. Classification, as a pure idea , 
is very important in any field of research and carbonates are 
no exception. Folk's (1959) classification leaves about 
three-quarters of the carbonate rocks out of the classification. 
iedlWli,\lIe5 in . 
With the development of computer~geology and quantitative 
sedimentology, naming in itself is a very important aspect, 
and a name is required for each sample. This is not always 
possible for all carbonate rocks with Folk's claSSification. 
A more direct literal "transformation" of terms is found 
in Dunham's classification (1962) which has become very popular 
in the United States (Wilson 1975). The original classifi-
cation ignores the following two important points: 
(1) The sparite, whether it is of neomorphic or cementing 
origin. 
·(2) The classification of reefal rocks, the "biolithite" of 
Folk, or rocks of organic origin. 
The backbone of the classification is again the clastic 
idea of grains and matrix ratio. 
It is very difficult to find similar beautiful and clear 
pelletic or oOlitic limestone as photographed by Folk (1959), 
or Dunham (1962), free from the complexities of dolomitization 
and diagenesis. 
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In 1965 Folk described and studied the recrystallization 
of carbonate rocks in detail. He used metallurgical terms to 
describe some of the processes. The problem of recrystalliza-
tion will be studied later (see Neomorphism - Chapter 4), but 
what is important here, is the fact that Folk neither related 
his new nomenclature to his classification, nor did he intro-
duce a classification for the resultant rocks from the processes 
recognized. 
Embry and Klovan (1971, 1972) modified Dunham's classifi-
cation. They noticed that the classification did not accommo-
date organic reefal limestone, and there was no size-scale for 
the different components. Their modification was a very 
important step toward the "carbonatization" of the classification. 
Although terms like rudstone, baffle stone , bind stone , floatstone, 
sound strange, they are most useful and specific in the 
description of carbonates. 
In the present study, one of the measured and studied 
sections was at Sefin-Dagh mountain, near Shaqlawa town. The 
section is about 400 metres thick. Study of thin sections 
from the upper part of these rocks, showed that they are 
completely recrystallized and dolomitized. There are no 
indications in any form of the original textures of the rocks. 
Accordingly, these rocks should be described in the routine 
sentence of "extensively neomorphosed and dolomitized" lime-
stone, and they cannot be fitted in any scheme of classification. 
It is very sad that in carbonate rocks only, there are 
numerous rocks which simply cannot be named precisely as yet. 
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On the contrary, whatever the complexity of metamorphosed 
or igneous rocks, they can be fitted into one of the many 
readily available classifications. 
The solution of this problem is not easy, for it origi-
nates from the complexity of carbonate rocks and sometimes the 
complex approach to their study. No one can claim that such 
a persistent controversty can be solved by the introduction 
of new terms to the jungle of carbonate terms already accummu-
lated during the last few years, but the first step in the 
right direction is to realize the speciality of carbonate 
rocks as sediments, their differences from other rocks, 
their strong sensitivity to diagenesis, and also the 
importance of the organic reefal limestone as an important 
component of carbonate rock suites. 
The modified Dunham's classification of Embry and Klovan 
(i971, 1972) was a new, general descriptive and genetic 
classification which can cope with most of the difficult 
situations in the undolomitized, unneomorphosed rocks. 
Embry and Klovan's modification of the classification 
is fully discussed and described in their published works 
(1971, 1972). Their scheme of classification was transcripted 
by Fuchtbauer (1974), and widely used and applied by Wilson 
(1975). The importance of the modification comes from their 
genuine recognition of the significance of allochem size as 
an environmental indicator, and understanding the different 
components of reefal limestone. 
In order to solve the problem of the nomenclature of the 
neomorphosed rocks in the Qamchuqa sections, the present 
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author has added a modification dealing with the diagenetically 
altered rocks (table 3-1). 
The term "microsparite" is introduced to describe rocks 
which are completely neomorphosed from micrite to microspar 
(Folk 1965), between (15-20 microns) in size. This type of 
rock is very common in the subsurface section of the ~amchuqa, 
but a careful examination is needed to differentiate between 
it and similar fine grained dolomite rocks (aphanitic dolostone). 
Sparry calcite has been used recently (Bathurst 1975a) 
to indicate both cement and neomorphic spar. For the rock 
which is made up of sparite, the term "sparstone" will be very 
useful. Whenever it is possible to distinguish between cement 
and neomorphic spar, the prefix N-sparstone will signify a rock 
which is completely neomorphosed and consists of neomorphic 
spar, and C-sparstone, will mean that the sparite which makes 
up the rock is of cement origin. Accordingly a rock made up 
of dolomite will be described as dolostone, but the dolomite 
will need a more detailed descriptive classification, which 
we will deal with later ( see dolomitization). 
Dunham's (1962) and Folk's (1959) classification are 
complementary to each other. Separ~tely, both of them, 
.- and ~mbt~ o.nd klov~n (1971) modification of Dunham's 
claSSification, were found to be inadequate for the description 
of the Qamchuqa rocks, their environmental reconstruction and 
interpretation. 
Folk's classification lacks the recognition of the 
importance of the allochems/matrix ratio as an environmental 
indicator. Consequently, a rock is described as oomicrite, 
whether it contains 10% oolites and 90% matrix, or 90% oolites 
and 10% matrix in spite of the obvious difference between the 
Table( 3·' ) Dunham's classification (1962) modified by Embry and Klovan (1972) and the present author 
Components not bound during deposition Components organically bound during deposition by organisms 
Less than 10% >2mm components 












more than 10 % 
> 2mm 
components 










and a rigid 
bind framework 
Diageneticalty altered rocks 
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conditions under which these two facies were formed. Moreover, 
a term like biomicrite, signifies a rock which contains 90% 
or 10% of fauna, whether these fossils are microscopic, only 
few microns in size, or megascopic molluscan shell fragments 
may be 50 cm long. Again these two facies denote different 
environmental conditions. 
On the other hand, Dunham'S classification and its modi-
fication lacks a classified nomenclature of the allochems. 
The term wackestone, for example, could mean a pelletal or 
globigerinal wackestone, in spite of the sharp environmental 
difference between the two. 
The suggested new classification is a compilation of the 
above classifications, with the addition of a nomenclature for 
diagenetically altered rocks, as mentioned earlier. 
Terms like o o mud stone , oQwackestone, oograinstone imply 
more precise environmental delineation than the term oomicrite, 
which previously covered all these groups. Also, the subdivision 
of the reefal limestone into bafflestone, rudstone and bindstone 
have more precise environmental implications than Folk's bio-
lithite. The new nomenclature is given in Table (3-2). 
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Sander's Coefficient or the "Offenheitsgrad": 
This is a very useful term and can be considered as a 
supplement to the above scheme of classification. The term 
was introduced by Sander (1950 cited by Fuchtbauer 1974). 
Since it is not easy to translate the German term "Offenheit sgrad " , 
this coefficient will be called "Sander's Coefficient" through 
this work. Accordingly, it will be defined as: 
Sander Coefficient = 
No. of particles in the thin section 
No. of particles which are in direct 
contact with one or more particles 
in the thin section. 
The present author enlarged some of the plates given in 
Dunham'S original paper (1962) and from these has calculated 
Sander's coefficient. The results are given in table (3-3). 







10 - 5 
3.3 - 1.7 
1.7 - 1.3 
1.3 - 1.0 
It is obvious that "Sander's Coefficient" decrease with 
an increase in the proportion of allochems in certain rocks, 
and increases with increasing proportions of matrix. Conse-
quently, lagoonal rocks are expected to have a higher 
coefficient than those from neritic sites, which in turn, 
have a higher coefficient than reefal units. Values of the 
coefficient can be adjusted to a range between 1 and 10. 
Rocks with a value of (1) are typified by highly lacked 
reefal limestone in which the allochems are in contact with 
!I 
.:i 
each other. In contrast, rocks 'Nith the value of (10), 
means that the matrix is very abundant and it separates 
allochems from each other, whenever these are present. 
Although, neomorphism, dolomitization and other post-
depositional processes may disturb the initial grain to 
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grain contacts, or later compaction may increase the co-
efficient value, Sander'S coefficient is a useful method, 
which gives some idea about the environmental conditions 
under which the rocks were formed. However, it is important 
to mention that these conclusions are 'preiilflina~ and the subject 
needs further investigation. 
II The Main Biological Components of the Qamchuga Group: 
(1) Orbitolina: 
Orbitolina is the most common component of the fauna in 
the rocks of the Lower Cretaceous Qamchuqa group. It has been 
described from the undolomitized horizons in the type locality 
of the formation by H.V. Dunnington (1959), and also has been 
found in the subsurface section, where it h3s been used as a 
stratigraphic tool. McGinty and Pearse (1953 - unpublished 
report) introduced the member "Orbitolina bed" as a distinctive, 
persistent bed in the Qamchuqa section of the Kirkuk Well No. 
109. The bed consists of light, grey-brown mudstone, in which 
the allochems are mostly Orbitolina spp. 
The "Orbitolina Bed" is persistent, both in the neritic 
zone and the fore slope sediments, in Kirkuk, Bai Hassan and 
Jambur sediments. They are associated in the western part of 
the shelf, with a 'lagoonal fauna, including miliolids and 
dasycladacean algae, and with a neritic fauna in the eastern 
part of the shelf, including rudists arC echinoderms. In the 
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lower part of the section, Orbitolina spp., are associated 
with other faunas, such as Choffatella decipiens Schlumberger, 
and Cuneolina pavonia, but no Orbitolina have been recorded 
from the bathyal Balambo formation nor from the supratidal 
Jawan facies. 
Henson (1940 - unpublished report) first studied the 
Orbitolina of the Near East, including Iraq. The same con-
clusion has been reached and published by Henson (1948). No 
further studies have been carried out on the subject thereafter. 
Orbitolina species have been described from many localities 
of the Middle East and Tethys area in general, and have been 
considered important fossils in the Lower Cretaceous deposits 
of that region. Orbitolina has been described from Sinai, 
Palestine, Iran, Oman, Saudi Arabia, Syria and Lebanon (Henson 
1940, unpublished report). Douglas (1960 a, b) described and 
studied Orbitolina in North America, and developed a new 
classification scheme. 
Douville (1904-, 1912) was the first to introduce a syste-
matic classification of Orbitolina depending mainly on the 
shape and size. Silvestri (1932, cited by Henson 1940 - un-
published report) recognized that similar external features 
do not imply that the fossils are the same species. Consequently 
he classified the Orbitolina on the internal micro-structure 
of the species and this classification has been modified and 
used by Henson (1940 - unpublished, 1948), and later by 
Douglas (1960b). 
The Orbito1ina species show a variety of shapes, from 
high conical, discoidal, or reflexed conico-convex and the 
sizes are also different. Douglas (1960a) described an 
Orbitolina almost 30 mm diameter. 
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The outer wall of the Orbitolina is called "epidermis" 
by Henson (1940 - unpublished) and it is about l/lOOth mm 
in thickness. The Orbitolina test is made up of calcite, 
although silica may be present also. 
Orbitolina tests have been separated from the mud matrix 
by hydrogen peroxide, then cleaned, crushed and analysed by 
x-ray fluorescence spectrometer. The composition of the test 











Insoluble residue 20.32 
From the above analysis, it becomes clear that the shell 
is made up of calcite, but the silica percentage is relatively 
high. Henson (1940 - unpublished) mentioned that the shell is 
made up of calcareous and silica material. Cayeux (1940, 
updated by Carrozi 1970) wrote: 
"The strangest case is displayed by Orbitolina enclosing 
within their test a very large number of large, medium and 
small size quartz grains", Douglas (1960a) called them 
Calcite-eyes. The same nomenclature has been used by Hofker 
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(1963) and both considered the structures to be clear crystal-
line calcite. Henson (1948) attributed them to pathological 
or secondary (parasite, boring etc.). These eyes are considered 
here as either, secondary fillings by calcite or quartz of the 
algal borings, or quartz grains entrapped in the test. The 
content of the silica in the test suggests that at least some 
parts of the test may have been originally arenaceous or are 
silicified. 
The chambers of Orbitolina spp., are saucer, or cup-shaped 
and they increase progressively in diameter from the nucleus 
chamber or the "Nucleoconch" , forming as a result a conical 
test. 
The following Orbitolina species have been recognized from 
the Qamchuqa group:- ~/6 ~ ~ u..,.. 
1. Orbitolina concavat~ Lamarck ; 
2. Orbitolina aff. curdica Henson 
3. Orbitolina discoidea Gras 
4. Orbitolina concavata var. i.ragi Henson 
5. Orbitolina concavata var. 5,efini Henson. 
(2) Rudists: 
Rudists, or molluscs from the order Hippuritoida, are 
common components through the Lower Cretaceous of the Tethys 
area, United States and South America. Rudists have been 
described from Egypt, Lebanon, and Iron by Douville (1910), 
from Guatemala and Iran by Chubb (1956) and from Iran by Cox 
(1934). 
Rudist shell fragments, debris and small shells are wide-
spread, both horizontally and vertically, in the ~amchuqa rocks. 
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They have been described by many early rig geologists working 
on the deep wells of Kirkuk and Bai Hassan fields as "Horn y 
limestone", "Horn y shell fragments" or just "Hbrns". They 
are present in both neritic and fore-slope areas, where the 
substrata may be solid rock, but they are virtually absent 
from the lagoonal muddy areas. 
'In the recently drilled Jambur wells, rudist shell frag-
ments are more common than in Kirkuk, and in some places, 
there are some facies which are composed predominantly of 
rudist shell fragments (Plate 9B). 
Unfortunately, no complete fossils have been found in 
either the subsurface or the surface sections, mainly because 
the recovered samples from the subsurface are small chips or 
small cores, and the outcrops are completely neomorphosed or 
dolomitized. 
Rudists are bivalve molluscs, mostly attached to the sub-
stratum, by the end of one of the valves. Their morphology 
is highly varied, and they have unique shapes. Their shells 
are thick and strongly unequal. Some of them live as solitary 
organisms, others are gregarious and the accumulated rudist 
shell fragments are called "Rudist Reefs" by Dechaseaux (1969) 
or "pseudo-reef" by Carbone et ale (1971). 
The rudists live in one of these three forms: 
(i) Lying on the sea floor and attached to the bottom by the 
borders of their shells. 
(ii) Attached to the substratum by a tooth-like root, and 
these forms may grow up to many feet. 
(iii) Creep freely on the bottom of the sea. 
In any of these cases, rudists are mixed with other 
fauna, such as corals, gastropods, or echinoderms. In the 
Qamchuqa formations, they are associated mainly with coral 
patches, or with echinodermal and crinoidal fragments. In 
a sample from Kirkuk well - 130 (Core 41), hydrozoans are 
found, encrusting a shell fragment, which may be a rudist 
(Plate 4). 
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Nelson (1959) suggested that rudists are reef-builders, 
in the sense that, they are able to build wave resistant 
structures. Wilson (1975) emphasized the idea, and wrote a 
chapter on the evolution of what he called the rudist reefs 
in the New Mexico and the Middle East. Bein (1976) described 
"fringing rudist reefs" from the Cretaceous of (Israel). 
On the other hand, geologists like Barnetch and Illing 
(1956), Lowenstam and Epstein (1959), Bonet (1952), Carbone 
et ale (1971), and Civitelli et ale (1975), believed that 
-- -
rudists are by no means reef builders but a "hard-bottom 
type bank formers". 
From topographic and petrographic analysis, it is clear 
that the Qamchuqa is a bank rather than a reefal unit, in the 
official definition of reefs. This does not exclude the 
ability of rudists to be reef builders. The rocks described 
and photographed by Bein (1976) from (Israel) are a real reef, 
from both a topographic and8petrographic point of view, and 
the rocks described by Nelson (1959) from the Ed'Nard limestone 
formation also imply the same structure. However, in our 
Pla.te 4: Relatively large rudist shell fragment encrusted 
on all sides by well-preserved hydrozoan. Th~s 
encrustation may give an idea about the nature 
of the barrier which separated the ~amchuqa 
neritic zone from the Jawan lagoon, Kirkuk We~~_ 
130, Core 41, depth 4967 ft. (16l3.9m), po1ar:i..zed 




case, there is no indication of a reefal structure in the 
Qamchuqa. The rudists present are only microscopic shell 
fragments, which may be derived and accumulated from small, 
local, isolated patches of rudist colonies, possibly only 
centimetres high. 
The high degree of fragmentation of the rudist shells, 
and their abundance in the fore-slope area of the shelf 
(Jambur wells), suggest that there were isolated ridges of 
rudists on the shelf mixed with some algae, corals, crinoids 
etc. These have been broken down and swept through transgressive-
regressive cycles, and accumulated on the fore-slope. 
The most common rudists in the Qamchuqa are the genus 
"Ichthyrearcolites" which has be"en assigned by Dechaseaux 
(1969) to the caprinidae, while Carbone et ale (1971) con-
sidered it to be a member of the radiolitidae group, because 
the Ichthyosarcolites have a caprinid shell structure and 
a cardinal platform. Consequently it is a matter of preference, 
and consideration of the importance of each of these two parts, 
the Ichthyosarcolites are characterized by canals which, when 
they are not closed with sparry calcite cement, act as a good 
porosity channel. This genus also described from (Israel) by 
:Bein (1976). 
The other rudists are mostly shell fragments from the 
group radiolitidae, and are generally thick and dark in colour. 
S~e of them although, have prismatic, polygonal structures 
similar to those photographed by Douville (1910 - P.16). 
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(3) Algae: 
Many types of algae have been recognized in the Qamchuqa 
rocks. The following are the most common types: 
(A) Blue-green stromatolitic algae: the term stromatolite 
was applied by Kalkowsky (1908 - translated and cited by 
Monty 1977) to limestone masses with a particular structure 
and special constructional pattern. The most common type is 
the horizontal alternation of algal filament (also called 
algal mat), or stromatoid (Kalkowsky ~ • cit.) with a 
--, 
layer of sediment. The result is a laminated succession, 
in which one layer is sediment-rich, and the other is 
organic-rich. 
The origin of stromatolites is a controversial subject 
(Monty 1977, Walter 1977, Wray 1977), but it has been 
generally accepted that stromatolies are formed by blue-green 
algae and bacteria. The bacterial role is emphasized by 
Monty (1977) who attributed some of the collo.form ferromagnetic 
laminated nodules and crust to bacteria. Krumbien (1977) 
described the role of bacteria in some recent algal mats 
in a lake sediment frem (Israel). 
Some of the stromatolites in Bai Hassan-16 well, are 
impregnated with pyrite (Plate lIB) of an organic-bacterial 
nature as described by Love (1962). In the Shaqlawa area, the 
lower part of the Qamchuqa section in Sefin-Dagh mountain is 
made up of stromatolitic limestone. The stromatolitic laminae 
are mostly horizontal and associated with bioturbation and 
burrowing features (Plate lOA). Under the ~icroscope, rocks 
of this type are found to consist of, neomorphosed sparry 
calcite. In some parts, remnants of the stromatolites can 
be recognized. Similar rocks have been described from the 
Lower Cretaceous of the United States by Behrens (1965). 
Some of the Qarnchuqa algal stromatolites are discoidal in 
shape with calcite fibres around them (Plate lOB). 
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In the subsurface sections, many stromatolitic laminae 
have been found. Most of them are made up of organic-rich 
horizons of sediments, but sometimes are replaced by first 
generation dolomite. 
Several binomial classifications of stromatolites have 
been introduced from the beginning of this century, such as 
Pia (1927), Fenton and Fenton (1933). Most of these classi-
fications are in error and inadequate to cope with the 
variable features of the stromatolites because the stromato-
lite is not a certain genera or species of animal or plant. 
Ginsburg et ale (1954 cited by Logan et ale 1964) found up 
to 28 species in a stromatolite in Florida. A stromatolite, 
in fact, is a structure resulting from the interaction between 
the prevailing physical conditions and algal mats. 
Logan et ale (1964) introduced a descriptive, geometriC 
classification of stromatolites.~e~ realized that stromato-
litic structures are made up of essential units called hemi-
spheroid or spheroid, and the variation in the stromatolite 
shapes is due mainly to the arrangement of these units. 
Consequently, he distinguished the following types: 
(1) Laterally linked hemispheroids or (LLH) type. 
(2) Discrete vertically stacked hemispheroids or (SH) type. 
(3) Spheroid structures or (SS). 
(4) Combination of the above types. 
The most common type of stromatolites in the Qamchuqa 
is the laterally linked hemispheroids type, which in turn 
div ides into two .' Kind5 : 
(1) close-linked hemispheres or LLH-C type. 
(2) space-linked hemispheres or LLH-S type. 
The Qamchuqa stromatolites are mainly Ot the second 
type (Plate lOA). 
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The hemispheroids of the Qamchuqa range between a few 
centimetres and 15 centimetres in size. The lateral linkage 
is variable also but mostly is many centimetres. 
According to Logan et ale (1964), this stromatolite type 
developed in marine, intertidal, mud-flat environments, 
mostly in the sheltered areas and behind barriers and ridges. 
(B) Green Algae (dasycladacean ~gae): 
This is the most common group of algae in the Qamchuqa 
formations. The living dasycladacean algae are made up of 
a thallus, which is systematicallY arranged around a central 
axis or stem, which has one or more lateral branches (Wray 
1977 ). 
The plant grows upright and it is attached to the 
bottom by rhizoids. Both the stem and branches are calcified 
in the fossil equivalents and they range in size from I mm to 
several centimetres. 
The dasycladacean algae are common in the undolomitized 





Munieria baconica Muhlbergi Lorenz. 
Acicularia cf. antigua pia. C1ef~~~1 
Salin9ip~rella dinarica Radiocic, described by Elliot 
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(1958) as the problematica "Hensonella cylindrica Elliot". 
4. Salingoporella arabica SPa nov. 
5. Pianella pYgmea (Gumbel) Radiocic. 
6. Cylindroporella barnesi Johnson 
7. Clypeina parvula Carozzi. 
8. Actinoporella podolica. 
9. Acroporella assurbanipali. 
10. The problematic "Baccinella irregularis". 
The most common species is the Salingoporella dinarica, 
which according to Elliot (1958), characterized the Lower 
Cretaceous of the Tethys area and especially the Barremian-
Aptian level (Plate 5). The plant according to Elliot, 
consists of hollow cylindrical or near cylindrical tubes, with 
an external diameter up to 0.57 mm. The walls consist of a 
thin, dark, amorphous inner layer and thick yellowish outer 
layer, with innumerable, radial, subparallel lines or cracks 
with some intervally distributed coarse, canals. This layer 
is made up of calcite. 
(C) Red algae "Gymnocoidiaceae family". 
The Gymnocodiacea family has two genera only, Permocalculus 
and Gymnocodium. Both are fossiliferous genera and are known 
only from segmented and perforated fragments. Permocalculu6 
bas smaller and, more numerous pores (Wray 1977). 
Permocalculus is the common red algae in the formations, 
and usually occurs as nJ;ermocalculus debris" similar to the 
facies described by ITohnson (1969) from the Lower Cretaceous 
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Pld. te 5: Salingoporella din' ric Radiocic or Hensonella 
cylindrica ~lliot . 
This is t he most common dasycl dac ean 19 ae of 
the ptian-Albian P' rt of the amc huqa . Ellio 
(1958 ) considered this algae as problematic a 
r ather t h n n a lgae . 
Kirkuk Nell o. 109 , interval (5450- 5455 ft.) 




Dunnington (1959) described the s:recies "Permocalculus 
inopinatus Elliot" from the type locality of the formation 
in Qamchuqa village. 
(4) Tintinnids: 
tintinnids are ciliated, free-swimming, microscopic 
protozoans, widely common during Jurassic-Cretaceous time 
in the Mediterranean area. They form, according to Campbell 
(1954), about 40% of the known Ciliataof the present day. 
Tintinnids are characterized by the presence of a conical, 
trumpet-shaped, bell-shaped, or even cylindrical body, 
enclosed in a test called "lorica". The latter is made up of 
agglutinated materials in the living forms, and of calcareous 
materials in their fossils equivalent. The soft body is 
separated from the lorica by an open space, except at the 
point of fixation. The living forms have also a crown of 
12-24 blade-like motile organs called "membranelles" which 
help keep its direction during swimming. Remane (1963) noticed 
that the wall of tintinnids varies from extremely thin in 
the Berriasian forms found in claymarls, to coarsely grained 
in the "Tithonian limestone forms. The size of the fossils 
varies from 45-1000 microns in length, but the common forms 
are between 100 - 200 microns (Campbell 1954, Tar-pan et ~. 
1968). Except for less than 4%, all the tintinnids are marine 
organisms. Their habitat ranges from neritic to the open sea, 
and the presence of cilia indicates these organisms are free-
swimming plankton. It seems that they have a high ability to 
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adapt to new conditions, as currents or strong waves. 
Colom (1948, 1955) was the first to study this group in 
detail and as a separate group. He described many species 
from the Tethys area. According to Pokorny (English trans-
lation 1963), the tintinnids were traced from "the Balearics 
and North Africa in the west via the Alps and Carpathian to 
the Orimea and Caucasus". 
In Iraq, the first mention of the presence of tintinnids 
is by Davis (cited by Colom 1955), no detailed study has been 
done on the subject yet, but Dunnington (1959) mentioned some 
of them from the Chia-Gara formation. Hart (1961 - unpublished 
report), during his study of the Jurassic-Cretaceous boundary 
in Iraq, used the tintinnids at the generic level as a strati-
graphic tool, using Colom's (1948) age assignation. Accordingly, 
he recognized the following zones: 
1. Tintinnopsella zone - Upper Berriasian 
2. Tintinnospsella/Calpionella zone - Lower Berriasian 
3. Calpionella zone - Tithonian 
Hart also mentioned that he found tintinnids in Shiranish, 
Banik, Chia Gara, Ser Amadia, Baib, Chama, Bekhme, and Makhul-2, 
where they generally favour the marlstone of the Sarmord type 
and are associated mostly with ammonites. 
H.V. Dunnington (Personal communication, 1976) found 
some tintinnids in the transitional facies between the Balambo 
and the Qamchuqa, but these have not been studied in detail. 
Tintinnids in the Qamchuqa Group are relatively rare, 
and found mainly in the interval (1929.07 - 1937.6 metres) 
of Bai Hassan well No. 16, in the neritic mUdstone. No 
attempt has been made to determine the present genera or 
species, and they are considered important from an environ-
mental point of view. 
(5) Echinoderms 
Crinoids are the common echinoderms in the Qamchuqa. 
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They occur mostly in the fore slope areas. Where they are 
generally associated with Orbitolina, and they are common 
also in the neritic sediments. 
According to Cain (1968), the living stalked type of 
crinoids live between latitudes of 68°N and 460S, and they 
are exclusively marine animals. Colonies of the crinoids 
are called "gardens", and they usually live in both tropical 
and arctic areas, at any depth, but they are most common 
between 100-2750 fathoms. 
Crinoids are very delicate creatures, and like algae, 
they usually fragment a short period after t heir death. 
However, some of the recovered crinoids in the Qamchuqa are 
well preserved "crinoid heads" in a green, detrital marly 
limestone, associated with Orbitolina. 
Although most of the crinoid hard parts are made up of 
a single calcite crystal, some of them consist of small anhedral 
crystals of calcite. From a sedimentological point of view, 
crinoids are very important, because they act as a baffle, 
which entraps sedimentary particles, and especially mud. They 
act like hydrozoans or algae in this aspect. 
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III Facies of the Qamchuqa Group (Figure 10): 
From the careful examination of about 1200 thin sections 
from the Qamchuqa rocks and compari~on with similar facies 
from different parts of the world, mostly published in the 
"International Sedimentary Petrography Series" edited by 
Cuvillier and Schurmann (1955 - ), the following facies 
,,, u'e M",~ud, Shl.l"6i\oa. O\lId GiQY't>\.3 .... -t.,rma~iOns" 
have been recognize~. These depend on the faunal and 
lithological components, and on the stratigraphic distribution 
of the samples (Figure 10): 
1. Basinal Facies (Plate 6A): 
This facies is the standard basinal facies, represented" 
stratigraphically by the Ba,lambo formation, which is believed 
to be the source rocks of the Cretaceous oil in Northern 
Ira'!. 
The facies consists of dark, to deep brown biomudstone 
with silt-sized allochems mostly Globotruncana, Globigerina, 
Globigerinoids species, or Radiolarians, with some macro-
fossils such as ammonites or belemenites. The mudstone is 
very rich in organic materials, but the allochems are mostly 
neomorphosed into microspar. Similar facies have been described 
from the Maestrichtian of Iran by Bozorgn1a et ~. (1964), and 
by Horowitz and Potter (1971) from the United States and many 
other places. The thickness of the facies is very great, com-
prising the whole Balambo form~tion, in Jambur well number 18, 
Che~chemal nell number 1, and Injana well number 5. The 
, 
Bal~mbo formation is also widely exposed in the northern part 
of Ira,!, such as Geli Ali Beg, Piri-Mugroon; where Henson (1950) 
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photographed this basinal facies passing gradually into the 
massive, dolomitic limestone of the Qamchuqa Group. 
In contrast to the benthonic type, planktonic foramini-
fera are not affixed organisms, but swim freely in the upper 
part of the water. Consequently, no environmental conclusions 
can be drawn from their presence, although Fhleger and Parker 
(1951) pointed out that the total population of planktonic 
foraminifera may increase with depth. Smith (1955), tested 
this assumption by calculating the percentage of some plank-
tonic foraminifera from the north-west Gulf of Mexico and 
"Mississippi Sound Area". He concluded tha.t the general 
indications are in favour of Ph1eger and Parker's assumptions 
although much depends on other sedimentological processes. 
H.V. Dunnington (1955) studied a similar fa.cies from 
the Upper Cretaceous of Ain Zalah oilfield in Iraq, by , 
using the ratio between the Gl'obotruncana individuals showing 
one peripheral keel and those which have more than one. 
The association of abundant planktonic foraminifera with 
belemenites, and the presence of organic-rich mudstone 
suggest a deep basinal environment. This facies type has 
also been described by 't'rilson (1975) as "basinal and lower 
slope environment". Khoshaba (1976 - personal communication) 
studied assemblages of these foraminiferas, from Jambur well 
18, and Injana well 5, and concluded that the foraminifera 
represented a bathyal environment. According to the Glossary 
of'Geology(Gary ~ al., 1974) this comprises the ocean environ-
ments in the depth zone between 100-500 fathoms. 
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This facies intertongues with Orbitolina-rudist wackestones 
of the Mauddud part of the Qamchuqa and also with Oligosteginal 
facies. 
2. Oligosteginal Facies (Flate 6B): 
This facies consists of calcispheres, unidentified spines 
and some glauconite. 
The calcispheres are spherical bodies, some having a 
paripheral fringe on the outer margin. Their identification 
under the microscope is very difficult, and they can be easily 
mistaken with uni-chamber planktonic foraminifera. Their 
origin is also still controversial~ Stanton (1963) described 
them as plant spores or simila.r bodies, while Marszalek (1975) 
suggested an algal origin. He described the algae, he claims, 
responsible for the calcisphere, which has been called 
"Acetabularia" from South Florida. 
From a comparison between the calcispheres photographed 
by Wilson (1975), Stanton (1963), Horwitz and Potter (1971), 
and Adams et ~. (1967), it seems that there are two types of 
ca1cispheres. One is associated with Globigerinids and the 
other planktonic foraminifera, as described by Wilson (1975). 
They are present in "typical off-reef facies of Middle Cretaceous 
basins and basin edges". The origin of these ca1cispheres 
cannot be algal, simply because they are not associated with 
algae, and the calcispheres are representative of a relatively 
deep environment. Other calcispheres, described by Adams ~ ~. 
(1967) from Iran and Stanton (1963) from North America, are 
in both cases, characterized by transitional environments 
106 
between deep and shallow in Iran, and back reefs in the 
United States. An algal origin is assigned to the latter 
type by Marszalek (1975), and according to Wray (1977) these 
calcispheres represent shallow water and a restricted 
circulation environment. The calcispheres of the Qamchuqa 
represent a tr:.an.si tional environment. 
The glauconite, which is associated with calcispheres of 
the Qamchuqa, is considered as an important palaeoenvironmental 
indicator. Cloud (1955) considered that galuconite requires 
a normal salinity, with Fe-rich bottom sediments, and a depth 
of moderate to neritic. However, the absence of algae and 
similar flora and fauna suggests deeper conditions. 
Pokorny (1963) considered the calcispheres as a part of 
the pelagic biotopes of the geosynclinal areas, but according 
to Adams ~~. (1967) the calcispheres are common in the 
transitional belt separating the Orbitolina neritic limestone 
and the pelagic radiolarian mudstone. This is a similar 
position to the Qamchuqa occurrence, where they separate the 
Globigerinid biomudstone of the Balambo formation from the 
Orbitolina wackestone of the Mauddud formation. 
In summary, both glauconite and calcispheres are indi-
cators of moderate environments, with medium water depth, and 
normal salinity. They should be a very useful stratigraphic (') 
tool in delineation of neritic zone boundaries. 
At least, two types of calc~spheres have been found in 
Kirkuk well no. 109 and these are: 
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(1) Calcisphaerula innominata Bonet 
(2) Calcisphaerula innominata ~ Adams, Khalili and Said 
n. subsp. 
3. Tintinnid Facies (Plate 7A): 
This facies is relatively rare in the Qamchuqa rocks, 
mostly due to the difficulty of preservation of the tintinnids 
themselves. 
The facies is composed of white, cup and bell-shaped 
loricas of tintinnids buried in featureless mudstone, and 
they are not associated with any other organisms. The 
facies is found in the interval 1929.08 - 1937.61 m from 
the well Bai Hassan Number 16. The lime mudstone is light 
brown and very fine, whilst the tintinnids loricas are 
white in colour and made of calcite. 
Tintinnids have been described by Tappan and Loeblich 
(1968) as microscopic zooplankton, while Colom (1955) divided 
them into holoplanktonic tintinnids or those which live in 
the open sea, and the mesoplanktonic tintinnids, which live 
in the neritic zone. Campbell (1954) suggested that the 
possession of freedom of movement and the availability of 
food, will lead to a very wide geographic distribution of 
these organisms. Consequently they live in any sea and in 
any place. The species of the tropical waters are similar 
but are different from the cold water species. 
It has been generally agreed, that tintinnids are indi-
cators of pelagic or semi-pelagic environments. According 
to pokorny (1963) they are most common in the fine-grained 
pelagic, bathyal or abyssal limestones of the Tithonian and 
08 
l1ate 7A: Tintinnid f~cies: bion~ckestone, the 
are abun~Jnt, neo~orlho~ed loricas 
The tintinnios are considered as 
tr~nsitional, ~emi -Oligoste~in~l environrr.a .~ . 
Bai Ha~3an well 16, core 28 , inte_val 6 07 -6 
(1952 . 9 - 1966 . 9 m), folarized light l " 
T1ate 7B : Or i olina v3.ckestone : t he Orbitolind. re "e 
preserved and large . The.: a.re assoc:. ..... te'" 
shell fragments nd echinouerms . The m 
l~3.tchily neomorlhosed into ..3f:::l.rite , P::.i 5 
,veIl 16 , c ore 28 , inter 9.1 63 -7 -
ft . (1937 . 6- 1952 . 9 m) ro1d.rize' ligh 
,e 7 
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Lower. Cretaceous of Mesozoic, geosynclinal warm water deposits • 
. . Tappan and Loeblich (1968) also noted that the best 
known tintinnids are from fine-grained, bathyal, nearly pure, 
coccolith-bearing limestone, similar to an indurated pelagiC 
ooze; Campbell (1954) suggested that the presence of 12-24 
blade-like motile organs suggests a swimming mode of life, 
and tintinnids'abundantespecially in the light-penetrated, 
upper levels of warm seas. He further suggested that the 
~unction and utility of lorica are associated with a pelagic 
!:lode of life. 
The tintinnids were first described from Upper Jurassic 
sediments of the Tethys seaway by Campbell (1954) from fine-
grained limestones. Some of these contain pelagic foraminifera 
such .as Globigerina. Tintinnids also occur in Lower Cretaceous 
sediments of the area in a featureless mudstone, associated 
~th radiolarians and similar organisms. 
Hart (1961 - unpublished report) described tintinnid-
bearing sediment s from the ammoni tiferous, radiolarian limestone 
of the Middle Tithonian-Berriasian Chia Gara formation, northern 
Iraq.' He noticed that these tintinnids are not associated 
with pelagic forms, such as radiolarians, but a vertical 
t'ransi tional overlap between the two has been encountered in 
f' • , 
both Chia Gara and Bekhme. This means that they are marginal 
" . 
to slope-environment inhabitants. 
On the other hand, Colom (1955) mentioned that tintinnids 
have been recorded from a fine-grained, neritiC, limestone in 
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North Africa ana Majorca. Eicher (1965) also described some 
Cretaceous tintinnids from the western interior of the United 
States. He concluded that these tintinnids represent a 
shallow marine or :r:narginal marine environment and they are 
associated with some foraminifera, which support the assum-
ption. 
Hart (l961 - unpublished report) mentioned that tintinnids 
have been recorded in the transition facies between the Albian 
Qamchuqa and the Albian Balambo, by H.V. Dunnington, and 
pointed out that the environment should be shoreward of the 
sub~basinal sediments. 
In general, it seems that the Lower Cretaceous tintinnids 
became more adapted to shallower, warmer water than the 
Jurassic tintinnids or earlier forms. All the petrographic 
indications suggest that the tintinnids of the ~amchuqa 
represent the deeper part of the neritic zones, and provide 
a very useful method to show the intertonguing between the 
neritic Qamchuqa Group and the pelagic Balambo fornation. 
This facies should be present after the pelagic, oligosteginid 
~acies when moving away from the basin. 
4. Orbitolina Facies: 
Orbito1ina occur in several different faCies, depending 
. 
on the abundance of Orbitolina, the type of the other biological 
or lithological components associated with it, and on the type 
and nature of the matrix. 
The Orbitolina rudstone (Plate 8B) (see classification) 
signify a very peculiar facies, which is composed mainly of 
Orbitolina with very little or no catrix. Orbitolina may 
form up to 80-90% of the thin sections. The variation in the 
l12 
Plat e BA : Extens i vely pyritized Orbitolina and echinode 
fragments . The pyrite is ba cteri a l in or~in 
and t he facies indicate an euxinic, semi-close 
t o cl osed envi ronment . 
Kirkuk well 109 , int erval 513 5- 40 ft . (1565 . 2 
1566.7 m). polarized l i ght, X 14 . 
Pl ate BB: Orbitolina rud s tone : A very peculia r facies . 
whole rock is made up of Orbitolina tests witb 
little or no matrix . The Orbitolina tests are 
variable in size and shape . 
Kirkuk well No . 109 , interval 4640- 4651 ft . 
(1414 . 3 - 1417 . 6 m) X 3. 

size of the fossils allows close packing (Sander's co-
efficient around 1.l2), and the resultant rock could be 
. " conside.red as "Obritolina coquina. The Orbitolina are 
well sorted, no other fossils have been found with it, 
and the matrix percentage is very low. 
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The other facies is the Rudist-Orbitolina wackestone 
(Plate 7B), in which Orbitolina and relatively large shell 
fragments of caprinids, and radiolites are mixed together 
with some echinoderms and other molluscs. This facies is 
< 
most common in the fore-slope part of the shelf, mainly in 
Jambur wells. It represents a deeper condition than the 
' .. 
first one and it is nearer to the basin. 
The third facies lies to the west of the Orbitolina 
rudstone, and mostly in the lagoonal part of the shelf. The 
~acies is a Miliolids-Orbitolina wackestone (Plate 8A), 
consisting of Orbitolina mixed with hyper-saline type of 
: ,--
miliolids, pellets, clots and similar components. The 
Qrbito11na here are mostly pyritized, and the whole shell 
,< " ~ 
." ."~ 
is blackened with bacterial organic pyrite. The matrix is a 
o 
dark, pyritic mUdstone. This facies is represented strati-
graphically by the Jawan limestone formation. 
; - .... 
. Very little is known about the paleoecology of Orbitolina, 
". 
~ t 
but from a careful comparison with similar living large 
. , 
for~inifera, Douglas (1960b) concluded that they were 
" ,:' 
co~o~ in "tropical to sub-tropical waters along shallow 
.... ! 0 
coast lines" where temperature should be between 15-35 c. 
The ~ater depth of Orbitolina is variable, and is best indicated 
by the type of the associated organisms. Orbitolinasco-
occurrencecwith miliolids and algae suggests shallow 
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water. On the other hand, its association with echinoderms 
and-rudists, and occurrence in detrital marls, suggests 
that Orbitolina could flourish in deeper water conditions. 
The formation of Orbitolina rudstone facies can be 
compared with a Recent phenomenon, in lagoons and shallow 
patches of water in the Recent inland sabkhas of middle and 
, .' 
southern parts of Iraq. Small-sized fish, mostly the size 
of the large Orbitolina (3cm) swim in small, shallow patches 
of water. During July and August when temperatures approach 
6000 in the sun, evaporation will increase, leading to the 
decrease of the amount of water in these isolated patches, 
which in turn cause the concentration of the small fish. 
When the water is completely evaporated, the result is a 
fish-rudstone or coquina. These fish are usually removed 
later by birds and other animals. A comparison can be made 
between the two cases, especially since the average temperature 
. . . 0 during most of the Lower Cretaceous was 23 C (see palaeoclimat-
ology). This means a very high temperature during the summer 
time. It is safe to conclude that the Orbitolina rudstone 
facies represents a dessication period on the shelf. 
The shallowing of the basin, which led to the formation 
of this facies, may be due either to tectonic uplift associated 
wlthgeneral tectonic movements in the area, or as a result 
of.th~ excess of evaporation over precipitation, or a combin-
ation of both mechanisms. 
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On the other hand, the association of Orbitolina with 
rudists and echinoderms in the Rudist-Orbitolina wackestone 
8ugg~stS different environnental conditions. The allochems 
.,"" 
of this facies are relatively large, mostly many millimetres 
in size, and there is a considerable amount of mUdstone. Since 
both echinoderms and rudists prefer the outer parts of the 
shelf, the area in which this facies has been formed under-
went .. strong wave and current action. Wilson (1915) inter-
prete~ ~his as the deep slope area. Orbitolina are common 
.. , ::;..,,. 
in ~~ine areas with normal salinity and open circulation, 
where the depth is many metres and the salinity is normal. 
On the western side of the shelf, where the Miliolid-
Orbitolina wackestone formed, different conditions prevailed. 
The association of Orbitolina with dasycladacean algae, and 
~ ~ •• > .... 
lrlliolids suggests a shallow wa.ter, hypersaline, lagoonal 
~ . 
env1ronment. Most of the Orb1tolina are pyritized by 
bacterial pyrite, which indicates anaerobic bacteria and a 
reducing environment. The depth of the water should be 
shallow, salinity abnormal with little or no circulation of 
, . ~. 
water. 
Although Orbitolina species show a wide variation in their 
". I. . 
, , . 
. environmental conditions, ranging from closed lagoonal areas 
to the slope environment, it is worth mentioning that 
Orbitolina disappeared suddenly in the supratidal anhydritic, 
stromatolitic limestone in the western, land-ward part of the 
shelt .:;; Orbitolina also disappeared from the G lobigerina-
oligosteginal b1omudstone in the sea-ward part of the shelf. 
In general, it seems that Orbitolina favour the neritic 
environment. 
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5. Crinoid Facies (Plate 9A): 
The facies consists of crinoid fragments, mostly round, 
or oblique cross sections of crinoid stems, associated with 
other echinoderm fragments, Orbitolina, and other molluscan 
fragments. 
In thin sections, most of the crinoids are single orystals 
of caloite,somettmes perforated in the middle or around the 
~eriphery. In some samples, calcite has grown in optical 
continuity with the crinoid orystal. A similar diagenetio 
feature has been desoribed by Lucia (1962). 
Some of the crinoids are found in green, detrital, marly 
limestones, which oharaoterize the deeper slope areas. Some 
of this. marl has been dissolved by hydrogen peroxide, washed 
and sieved. Many well-preserved stems or heads of orinoids 
have been reoovered. They are made up of oaloite without any 
diagenetio alteration. 
It has been mentioned, that the crinoids are marine, 
which are common in most environments and at any depth. 
Consequently, it is not possible to draw safe environmental 
interpretations from orinoids alone, but their assooiation 
with Orbitolina on one band, and their ooourrence in marls 
suggest a medium depth environment in the Qamohuqa group. 
6. Rudist Facies (Plate 9B): 
This faoies is very common in the Qamohuqa rooks, and 
consists of thiok shell fragments of both caprinids and 
radiolites rudist '. Most of them are many millimatres in 
Ll8 
Plate 9A: Biofloatstone: the allochems are mainly arbitr 
sections of crinoids and echinoderms. The 
crinoid heads and stems are well-preserved and 
large in size, Bai Hassan well 16, core 29 , 
interval 6453-6488 ft. (1966.9 - 1977.5 m) 
acetate peel, X 14. 
Plate 9B: Rudistrudstone: large shell fragments of the 
rudist genus "Ichthyosarcoli t es". The canals 
" p 
are partially lined with sparry calcite cement. 
When, they are open, these canals represent 
good porosity channels. Other allochems are 
Orbitolina and echinoderms. Matrix is spars 
or absent. Jambur well No. 19, Bix (3) part 







.. length, with some fragments of the genus "Ichthyosarcolites". 
r 
Matrix is rare or absent, but there are some sparite patches. 
Rudists are associated with Orbitolina, echinoderms and other 
molluscan shell fragments. A similar facies has been des-
cribed by Coogan !l!1. (1972) from the Golden Lane and 
Piza-Rica areas in Mexico, where it has been described as 
& shallow-shelf rudist reef deposit. Wilson (1975) studied 
in some detail rudist facies from Mexico and Middle East. 
Rudist-bearing rocks have been described from the 
.. 
;:.Pietrasecca, Central A:gennines by Civitel1i and Mariotti 
, , . 
(1975) and by Carbone ~~. (1971) from the Cenomanian of 
of Rocca di Cave, in Italy. These deposits have been des-
cribed as "pseudo-reefs" and considered as shelf-edge deposits. 
The temperatures under which rudists mostly flourish are 
l8-250C, according to Lowenstam and Epstein (1959). They 
also suggested that the rudists were more developed during 
the:A1bian, where the temperature is higher than the Maestrichtian, 
a case which is also found in the Qamchuqa. 
,. Rudists of the Qamchuqa group rocks, are assumed to have 
lived in sm~11, isolated patches on hard-bottom shallow, warm 
"'water sediments in association with hydrozoans, corals, echino-
"derms, and Orbito1ina with algae, during the transgression 
" -/ 
indue'ed by tectonic subsidence. These patches died, fragmented 
. , 
and were swept by waves and currents into different parts of 
.the'she1f. No reefal facies have been recognized. Rudists 
lived on the sea floor and did not build domes, ridges, or 
oth~; wave-resistant structures • 




7. Algal Facies (Algal-debris facies of Elliot 1958). 
This facies is composed mainly of algal fragments, embedded 
in dark mudstone (Plate lOA and B). Elliot (1958) described 
a similar facies from Iraq, and listed three necessary con-
ditions for its formation: 
(1) The availability of the warm-water algal groups which 
are the source of the "allochems" in this facies, such 
as dasycladacean and gymnocodiaceae, with the absence 
of encrusting, reef-forming algae, such as members of 
the family corallinaceae. 
(2) Post-depositional fragmentation and breaking of the 
skeleton of the algae. Algae usually are very fragile 
and can be broken easily. 
(3) The presence of a shelf-sea environment, with warm, 
tropical to subtropical waters. 
The main algae genera, present in this facies are dasyclad-
acean, such as Salingoporella spp., and gymnocodicaean such 
as Permocalculus spp. 
According to Wray (1977), dasycladacea inhabit mainly 
shallow, warm, marine waters. The environmental conditions 







Factors controlling the distribution of living 
dasycladacean calcareous algae (After Wray 1917) 
Tropical and subtropical, few species in warm 
temperate waters. 
Below low tides to about 30m, commonly less 
than 5m. 
Mostly normal marine, some species tolerate 
hypersaline to brackish water. 
Sand and mud, some species attached to firm 
objects. 
Low energy, below intense wave agitation.or 
protected areas. 
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Plate lOA :Algal-debris facies: m"ost of the allochems are 
dasycladacean and permocalculus algal fragments 
with Orbitolina. The abundance of the algal 
debris in this facies may suggest the possible 
presence of local algal banks in the Qamchuqa 
shelf, Bai Hassan well-16, core 27 , interval 
6357-6407 ft. (1937.6-1952.9m), polarized 11gb 
X 14. 
Plate 10B:Algal-debris of the permocalculus type associat 
with spines and miliolids and other unident1fie 
shell fragments. The matrix is pelletal mudsto 
rich with pyrite pigments and organic materials. 
Kirkuk Well 109, cuttings, interval 5135-40 ft. 
(1565 . 1 - 1566.7m), polarized light, X 35 . 
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According to Elliot (1968) the maximum abundance of 
dasycladacean is from the low-tide level to 5-6 metres in 
depth, and extending down in diminishing order to·lOm. 
124 
The gymnacodiaceans are also considered by Wray (1977) 
as shelf environment inhabitants. 
The algal facies is mainly found in the land-ward part 
of the basin, in the mud-bottom, lagoonal or semi-lagoonal 
environment of the Jawan limestone, associated with pellets, 
mi1iolids, clotted limestone and similar features. Some of 
the allochems are pyritized also. No algae have been recorded 
from the slope environment, nor from the anhydritic, supra-
tidal e'nvironment, which indicates that the Qamchuqa algae 
prefered the semi-closed, reducing-conditions of a lagoon. 
8. Pelletal Facies (Plate 11): 
The main components of this facies are pellets, miliolids, 
~drozoan8, pisolites, and Orbito1ina. 
OI'e 
The pellets~generally 
are well-sorted and developed, and relatively abundant. The 
miliolids and the Orbitolina are mostly micritized, or blackened 
by.organic bacterial pyrite. The hydrozoans are generally 
well-preserved, although fragmented in some places, and completely 
replaced by calcite. The matrix is a black mudstone, although 
it is neomorphosed in some patches into either a microspar or 
sparite. 
The origin of pellets is still a controversial subject. 
Folk (1959) used the term in his classification and considered 
them to be fecal pellets and products of either birds or animals. 
In both cases, the pellets were considered as an indication of 
a semi-closed, sheltered area, with shallow, warm water con-
ditions. These assumptions could be supported also by the 
12 5 
Plate 11: Pelletal packstone: pellets are relatively large 
well-sorted and packed with some unidentified she 
fragments and clots. The matrix is extensively 
neomorphosed. Kirkuk Well No. 109, interval 





micritization of some of the allochems which indicates high 
algal activity . Pyritization also f avour s these conclusions, 
for it occurs in an euxinic, reducing environment. 
9 . Stromatolitic Facies: (Plate 12A and B) 
This facies is common in the lower part of t e Sefin-Dagh 
mountain in the Shaqlawa area. The limestone there is 
characterized by an irregular and botroyoidal surface , with 
some burrowings and other bioturbation features . In sub-
surface samples, str omatolitic filaments and mats are common 
in both the lime stone and anhydrite, and are sometimes pyritized 
or extensively neomorphosed. (Plate l 3A and B) . In other 
places, they are woven together to form a mat or other features . 
In thin sections , stromatolitic limestones are found to consist 
of sparite with r emnants of algal mats, or discoidal algae 
obliterated by the growth of differently oriented calcite 
fibres. 
Monty (1973, cited by Monty 1977) repor ted that stromatolites 
grow in various subtidal marine environments , such as l ago ons, 
reefs, shelves, etc. Achauer et ale (1969) described some 
stromatolites from the Lower Cretaceous of the United States 
and suggested a subtidal environment of formation . 
Donaldson (1976) mentioned that the horizontal type of 
stromatolites are an indication of supratidal, low energy 
conditions, and they are usually associated with gypsum and 
halite crusts and dessication cracks. 
Hoffman (1974) described stromat olite s from the Precambrian 




Stromatolitic limestone: Although the 
surface is extensively weathered, these 
stromatolites are made up of closely-
linked hemispheroids, and associated with 
burrowing, small caves, and bioturbation 
features. Sefin Dagh mountain, Shaqlawa. 
Thin section through the 'stromatoli~ic 
limestone. Rays of calcite fibres are 
growing over the algal structures which 
were attacked by both sparry calcite and 
anhydrite. Setin Dagh mountain, Shaqlawa. 




Algal mudstone: This rock is made up o~ 
alternating layers of algae-rich and 
sediment-rich bands. Some of the alga1 
bands are dolomitized into first gener-
ation type. Kirkuk Well No. 109, cuttings, 
interval 4242-4262 ft. (1292.9-l299.lm), 
ordinary light~ X 3. 
Moredetai\ed -algal filaments, as seen under 
the microscope. The algae are impregnated 
by bacterial pyrite and replaced extensiv~~ 
by calcite and anhydrite. Polarized 1ight, 
• I • • .... 
Bai Hassan Well-16, core 26, interval 6329-
• " • • ."' > ... 








In the Qamchuqa rocks, the stromatolites occur on the 
land-ward edge of the shelf. Although no horizontal 
association with 'anhydrite has been recorded, but vertical 
~lter~ation is present, which indicates a semi-supratidal 
condition. The presence of organic pyrite within the 
stromatolite structures suggests an anaerobiC, reducing 
environment Wi~in -l'ne s\Y\.I.dul" \~~ .selt'. 
f , The stromatolitic limestone is adjacent to the anhydrite 
in .the horizontal arrangement of the facies, and some patches 
of secondary anhydrit,e are found in this type of limestone • 
. . " ~he distribution of the main facies of the 'Qamchuqa 
·shelf. is given in figure (10) and Plate (02-in pocket). 
IV Environmental Reconstruction: 
.' An integrated approach to the interpretation of the environ-
ment of deposition is the most desir able. It has been assumed 
that by studying the different components from different 
approaches, the subjective nature of interpretation should 
be reduced to the minimum. 
One of the best integrated methods to reconstruct the 
sedimentary history is unfortunately, not very common in 
English geological liter~ture, but is widely used by Italian 
geologists, especially from the Institute of Geology and 
Palaeontology in Rome. (Carbone, Faraturlon, and Sirna 1911 
and Civitelli and Mariotti 1915). The approach consists of 
( 
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a series of methods, each one of them dealing with special 
aspects of the environment of deposition. These methods 
are called "Environmental Logs", and some of the important 
ones are given: 
1. Energy Index Log (ElL) 
It is well known, that the energy of the environment is 
an important factor controlling shape, size, type and quantity 
of the biological components present in a certain environment • 
.. 
~ A wide environment like the Lower Cretaceous shelf of northern 
Iraq has many energy subdivisions, which differ from each other, 
depending on the distance of the environment from both sea and 
-land, and other tectonic and sedimentological factors. By a 
comparison with the excellent work of Carbone !i ale (1971) 
and Plumley et!1. (1962) the following energy categories 
can be recognized in the Qamchuqa shelf: 
(1) Type (1): Quiet water type: which represents quiet 
water conditions with very low energy, no currents 
or strong waves. The area is sheltered and pro-
tected so the resultant limestone is mostly a 
featureless mudstone, or sometimes biomudstone 
but the allochems are very scarce, such as algal 
mudstone. This type is the lowest end member in 
the energy subdivisions. 
'\ ; (2) Intermittently agitated water: This is the trans-
itional zone between the quiet water environment of 
type (1) and the slightly agitated type number (3), 






ourrents and waves, and the oharaoteristio faoies 
should be made of more than 50% of miorite. 
(3) Slightly agitated water: The environment of this 
type is oharaoterized by weak but continuous 
currents and waves. The sediments are washed to 
a certain extent, and the rock should oontain less 
than 50% of miorite. The sediments are of silt to 
fine-sand size, with good sorting, and they should 
show some meohanioal abrasion. 
(4) Moderately agitated water: This type is similar to 
type (3) but the currents and waves are stronger, 
the sediments are well-washed, and well sorted. 
Grain size is from medium sand to very coarse sand. 
(5) Strongly agitated water: This is the highest energy 
end member of the series. Currents and waves are 
very strong, the fragments are more than 2mm in 
Size, and they are poorly-sorted. Such an environ-
ment should be most common in the slope, or near to 
the basin neritic environments, and it also occurs 
during tectonic movements, espeoially uplift. 
The "EIL" log has been used as in Plate C3-{n pocket), 
both vertically and horizontally, vertioally to show an energy 
variation through the time of deposition of the whole formation, 
and horizontally to compare the different sub-environments 
present penecontemporaneously during deposition. 
2. Faunal Log (FL) 
This is one of the most important oriterUnwhich has been 
used to interpret the environmental conditions under which the 
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; Qamchuqa rocks were formed (see facies analysis). 
In this log, the biological components or the fauna, 
which are considered important from an environmental point of 
view, are arranged from left to right, so as to give a similar 
horizontal distribution as occur in nature, i.e. ranging from 
the lagoonal dasycladacean algae to the planktonic foraminifera 
of the basinal environment. The most important faunal assemb-
lages, from left to right are: dasycladacean algae, miliolids, 
Orbit olina , echinoderms (mostly crinoids), other molluscs 
(pelecypods and gastropods), rudists, red algae and planktonic 
!oraminifera(Globigerina, Globotruncana etc.) The environ-
mental distribution and conditions of each of this fauna 
have been described in .the last pages. 
The data presented in this log are derived from the examin-
ation of around 1200 thin sections, about half of them from 
the University of Reading Collections. Orbitolina is' considered 
as a medium faun~, which can survive both the lagoonal and slope 
environment and can be considered as the separating line between 
shallow and deep water conditions. Symbols used to indicate 
each of the faunas are adapted from Carbone ~ ale (1971). 
3. Synthetic Log (SL) 
This is the most subjective, although the most important 
log in all the analysis. It is an integrated log depending 
on the petrographic-stratigraphic analysis of the formation, 
and the shapes of both the Faunal and the Energy Index Logs. 
The synthetic log represents the final interpretation, 
and the complete use of all the data on hand to interpret the 
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environmental conditions of the Qamchuqa Group rocks. 
The following ph1tses: have been recognized in the Qamchuqa 
rocks using what we can call the "log-method analysis". 
(1) Phase type (A): this facies is represented by the 
featureless, dark, pyritic mudstone, pelmudstone, 
or some of the biomudstone, with none or very little 
fauna. The facies is characterized also by 
burrowings, bioturbations and small sedimentary 
breaks. Sometimes the facies may be stromatolitic, 
as in the lower part of Sefin-Dagh mountain in 
Shaqlawa. In some places, clotted limestone occurs 
or cryptoalgal mudstone, which is made up of algal 
structures, or which have been influenced indirectly 
by bacteria or algae. Fauna, if present, are 
miliolids and other small foraminiferas. Most 
of them are blackened by bacterial pyrite, bored 
or micritized, and associated with pellets. 
This facies is considered to be low-energy, 
shallow water, where salinity is variable ranging 
from normal to hypersaline, with limited or no 
circulation. Reducing or anaerobic bacteria should 
be common also. Using the Blanc (1968) classifica-
tion, this facies may be called "Infralittoral, 
internal, sheltered, and almost isolated environment 
with some transition to intertidal conditions. 
The facies is most common in the transitional 
area between the supratidal evaporitic conditions 
of Jawan evaporites, and the neritic fauna-rich 
limestone of Mauddud formation. StratigraphicallY, 
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this facies comprises the Jawan limestone formation. 
Examples of this facies are common in Kirkuk well-117, 
~ai Hassan well 16. 
(2) Fh~6e type (B): this facies is made up of biomud-
stone and wackestone, the allochems are mostly 
Orbitolina spp., calcareous algae, miliolids, and 
other foraminiferas, such as Cuneolina spp., and 
Choffatella spp. 
It is the most common facies in the Qamohuqa rocks, 
characterizing the "neritic zone" of the shelf. 
Depth is variable depending on the particular fauna 
present, but in general it is shallow and the 
salinity is normal to slightly hypersaline. The 
faCies represents intermittently to slightly 
agitated water. The bottom conditions also depend 
on the type of fauna, for it may be a muddy bottom 
in the case of algae or some of the miliolids. 
Sometimes the bottom would be partially hard to 
allow the growth of some of the rudists or coral 
patches, as those recorded from the depth (1573m) 
in Kirkuk well No. 109. Using the Blanc (1968) 
nomenclature, thio facies should represent "infra-
littoral, internal, sheltered, but not isolated 
environment. 
This facies is most common in rocks of Kirkuk 
well 130, Kirkuk 109, and Bai Hassan-13, and some 
of Jambur wellS horizons. 
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(3) Fh~5e type C: this is a mixed transitional facies 
between Band D and it is representative of the 
neritic shelf environment. The allochems are 
larger and more well sorted; micrite percentages 
are less than in B; more reefal or rudist patches 
are encountered and the bottom should be harder. 
Depth is slightly greater, although in some places 
Orbitolina are very abundant, forming "Orbitolina 
rudstone" - see facies analysis - which suggests 
a seasonal change in the depth. 
In the landward part of the shelf, Orbitolina 
are mixed with lagoonal fauna, such as miliolids 
or algae, whilst in the seaward side, the 9rbito1ina 
occur with deeper water organisms, such as crinoids, 
indicating that different conditions prevailed 
contemporaneously on the shelf. Salinity must 
have been normal, with free water circulation on 
the seaward side. According to Blanc (1968) this 
facies is "lnfraliltoral, internal, scarcely 
sheltered environment, with transition into medium 
infraliltoral" • 
This facies is most common in the shelf area of 
the basin, in association with facies (B), and 
typically occurs in Kirkuk-well No. 130 sediments. 
(4) Fh~se type (D): this facies "is not very common in 
the Qamchuqa rocks. It represents rocks which are 
rich in macrofauna and large microfauna. Facies of 
this type represent reefal and pseudo-reef~l depOSits, 
or debris swept from nearby patches, etc. As 
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mentioned earlier, no real reef has been found in 
the Qamohuqa, although reef-building organisms 
are oommon, suoh as oorals, hydrozoans, rudists, 
but they are fragmented to mioroscopic debris, 
although in some of the outcrops maorofauna such as 
ammonites have been found. 
This faoies represents a high energy level. 
This is indicated by the fragmentation of thiok 
rudist shell fragments, the near absenoe of micrite, 
and good sorting. Depth does not exoeed 10 metres, 
although it has· been assumed to be much lower in 
the ooral and rudist patohes on the shelf. The 
bottom is hard rock. 
The facies, according to Blanc (1968), is a 
medium infraliltoral environment, and mainly common 
in Jambur Oilfield sediments. 
Three representative wells have been ohosen from 
the Qamohuqa shelf, (Plate 03 in pocket). These 
have been chosen firstly, depending on their position 
in the shelf and their representation of some of 
the looal sub-environments, and secondly, on the 
availability of thin sections, and other sources 
of data. Although in this diagram, a sample from 
each 10 metres has been mentioned, for some of the 
wells suoh as Kirkuk 130, there is nearly one thin 
section from each 30 cm for the total thiokness. 
All these data have been inoorporated. 
-, 
Table (3-4A): The relation between the environmental 
phases and the facies of the Qamchuga Group 
Phase type .. Facies.included in.the.phase 
Phase type (A) Stromatolitic facies, Pelletal facies 
Phase type (B) Algal facies, Miliolid-Orbitolina Wackestone 
Phase type (C) Rudist-Orbitolina Wackestone, Orbitolina 
rudstone, Crinoid facies, Rudist facies, 
Tintinnid facies (in part) 




Bai Hassan Well No. 13 
This well has been chosen, due to its nearness to the 
! 
lagoonal part of the shelf, a,s the different environmental 
logs show (Plate C)-in pocket), it is obvious that the pre-
dominant facies is the lagoonal-miliolidic-dasycladacean 
~u4stone, and featureless, sometimes pelletal mudstone in 
t~e upper part of the section. This part of the log rep-
resents the lagoonal invasion of the shelf during the Albian. 
From a stratigraphic point of view this is the Jawan lime-
stone formation. 
In the lower part of the section, Orbit olina , echino-
derms with other shell fragments become the predominant 
!~~~ ~ith some algae, while the mi1io1ids disappear slowly. 
These features indicate the tendency toward neritic conditions, 
with':normal salinitY', and semi-free circula.tion. 
The energy index of the well ranges from type (1), quiet 
w~t~r and type (2) the intermittently agitated water in the 
upper part to type (3), slightly agitated water in the lower 
part. -
In spite of the predominance of lagoonal fauna in the 
upper part, this section does not represent the ideal lagoonal 
rocks found in Kirkuk 117, but represents a mixture of both 
-, -
neritic and lagoonal conditions. Stronger lagoonal effect is 
-apparent in the upper part, whilst in the lower part, the 
neritic influence becomes stronger and neritic conditions 
are common • 
. , 
'The vertical and horizontal distribution of the Bai 
Hassan-13 fits the distribution of sub-environments in the 
Qamchuqa shelf as discussed above. 
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, Kirkuk Well No. 130 
This well is located in the neritic zone. Very 
slightly seaward, however, lagoonal effects are very strong 
in the upper part, which indicate a general shallowing of 
most of the shelf, and to the prevalence of lagoonal 
conditions during the Albian. Similar to Bai Hassan-13, 
the upper part is characterized by milio1id-pelleta1 mud-
stone. Some of the allochems are pyritized; sediments are 
fine and pigmented with organic materials; the bottom was 
muddy; salinity above normal, with isolated reducing environ-
ments and the energy index is very low. 
The lower part is remarkably characterized by the 
presence of Orbitolina, hydrozoans, echinoderms and shell 
fragments with some rudists. They are slightly more 
abundant than in Bai Hassan-13, and suggest stronger neritic 
conditions. Salinity should be normal, and the :energy index 
is of the "slightly agitated" type. 
Jambur Well No. 20 
The distribution of Jambur 20 facies is different from 
the other two wells. The lagoonal effect in the upper part 
is less predominant, and the whole section is made up of 
rudist-Orbitolina rudstone and grainstone. The well has been 
chosen as representative of the slope environment. The allochems 
~ -- , ~ . 
are larger in size, with many of them m~e than 2mm in size. 
Micrite percentage is very low to absent, energy index should 
be high and the salinity normal. The water of the slope is 
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, in free movement with the open sea water, which was depositing 
the bathyal Balambo formation in Jambur-18, only a few kilo-
metres from the Jambur 20 location. 
However, many sporadic horizons of miliolid mudstone 
are common, especially in the upper half of the section. 
This indicates that the lagoonal conditions during the 
Albian were so strong as to cover the slope area of the 
shelf also. 
V' Application of the Cluster Analysis in the Facies 
Delineation of the Qamchuqa Group: 
Cluster analysis has been introduced into the field of 
Geology in general and to the study of sedimentary rocks, but 
the number of works dealing with the subject i~' very limited 
in number (Ekdale ~~. 1976). 
This analysis is a very useful technique for data reduction 
and analysis and can be used (a) for the natural grouping of 
the data, (b) simplifying the description of large sets of 
multivariable characters, and (c) to introduce an hypothesis 
to be tested on future samples. 
'Cluster analysis generally can be divided into the following 
ty~es(Everitt 1974): 
(~) Hierarchal,technique : In this technique, the classes 
'themselves are divided into groups, and the same process 
re~eated many times, at many different levels. The resultant 
~roduct is called a "tree diagram". 
(2) -Optimization-Partitioning technique: the clusters here, 
are 'formed by m,;;ans of o~timlzatlon of a "clustering criterion", 
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, the classes are mutually exclusive thus forming a partition 
of the set of entities. 
(3) Density or mode-seeking technique: in which clusters 
are formed by seeking regions which contain a relatively 
higher concentration of entities. 
(4) Clumping technique: In this type, both classes and clumps 
can overlap. 
The hierarchical technique is the most widely used technique, 
and it is divided in turn into two main parts: 
(i) Agglomerative: which originated by a series of successive 
~issions of the N entities into groups. 
(ii) Divisive: by which the set of N entities are successively 
partitioned into finer partition. 
Eoth of the techniques are usually presented in the form 
of dendograrms. 
One of the subdivisions of these two techniques is the 
association analYSis, which is a most important technique in 
the analysis of sedimentary rocks. 
According to Klovan (1975), there are two main methods 
in the association analysis, and these are: 
(1) The Q-mode1 analysis in which the relationship between 
the entities, i~e. the samples in our case, are determined. 
(2) The R-mode1 analysis: which describes and represents the 
~elationship between the attributes, or the variable 
characters of the samples e.g. faunal content, colour 
etc. 
Two trends have appeared among studies of sedimentary rocks, 
concerning the application of cluster analysis. 
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~ (1) Quantitative approach: Commonly used for Recent sediments. 
The approach depends on point-counting and then calculation 
~~.~he similarity or association indices. This method is the 
m.ost accurate, but most ancient sediments are neomorphosed, 
or do~om~tized, which makes point-counting difficult. In 
a~~ition, point-counting itself is time consuming. This 
method was used for the first time by Purdy (1963) in his 
study of Recent Bahama sediments. Beherens (1965) used the 
method to study a part of the Glen Rose forma.tion in the 
United States. 
(2) Semi-quantitative approach, and this method can be 
divided into two subdivisions: 
(a) A technique which uses symbols to show degrees of 
abunda.nce, depending on guess and comparison, Till (1974) 
used the following system: 
222 to indicate Abundant ranging between 40-10~ 
221 Common " " 10- 39% 
. -
9% 211 Present It " 1-
.' . It 0% 111 Absent It 
.' . Consequently, by a comparison of many samples, a 
-similarity index can be calculated. 
; .. ::', The disadvantage of this method is that it is very 
'subjective, and in many cases the boundaries ~etween 
the different grades are difficult to outline. 
(b) The absent-present method: this is the simplest and 
,quickest method. The technique was first described by 
Bonham-Carter (1965), who then introduced a Fortram IV 
programme (1967), to be used with the method. 
The technique is direct and simple. The method can be 
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accomplished by assigning the Number (1) for the "present" 
state, and (0) for the "Absent" and (*) for the indefinite. 
So, if an Orbitolina is present in the facies, we put (1), 
it it is absent we put (0) and (*) if we are not sure. The 
similarity index can then be calculated and the computer will 
draw a dendogram, showing the relation between the samples or 
the characters. This technique gained wide publicity.during 
the last few years, and is used by Ekdale ~!l. (1916), and 
Till (1914). 
The main objection to the method is whether the absence-
~resence or the abundancy of certain components or a feature 
is the most important. For instance, the presence of a single 
lagoonal miliolid does not indicate lagoonal conditions, which 
would be the case if the whole thin section is made up of 
miliolids. However, this technique is a useful method, especially 
if it is used in connection with other methods • 
. . . 
Similarity Coefficients 
These coefficients can be defined as the amount of simi-
laritY'or dissimilarity between two or more objects, depending 
on measured characters. There are many different types of 
similarity coefficient s, widely used in taxonomy and biology • 
. ' . One of the well-known coefficient s is the one introduced 
by Sokal and Sneath (1963) which can be represented as follows: 
P + n 
Sss = P + n + m 
where: . 
Sss : 
P • • 
Sokal and Sneath similarity coefficient 







Number of negative matches 
Number of mismatches. 
One of the disadvantages of this coefficient, is that 
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it may group certain entities on the basis of negative 
matches, which is not useful in the analysis. So, Jaccard's 




in which the negative matches en) have been exlcuded. 
Another important coefficient is the stand~rdized m-space 
or the Euclidian distance (Davis 1973). In this coefficient, 
the 'similarity between entiti~s is described in terms of distance. 
m 
where: 
Xik =lhe kth variable measured on object 1. 
Xjk = Kth variable measured on object 2. 
m = Number of variables. 
Ekdale ll!!:l. (1976) used the Dl'ce coefficient (1945) in their 
study on the Cupido l~estone of Coahuila in Mexico. The 
coefficient was first introduced by Dice (1945) to measure the 
ecological association between species. 
, I h 
Coefficient of association = ahln = 
where: 
a: The number of samples in which species A occurs either 
, .' 
, ~< , 
alone or together with species B. 
f J. 
b; The number of samples in which species B occurs. 
h: The number of samples in which both species occur • 
n: Total number of examined samples. 
Cluster of the Qamchuqa facies. 
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Some 213 thin sections, acetate peels and polished rock 
slabs from different parts of the Qamchuqa formation have 
been used in this analysis. The present-absent method has 
been used. This is a simple method for distinguishing 'the 
different faCies, especially if it is incorporated with the 
other methods of analysis, which have been described already. 
In this technique, the presence of a component is recorded 
as (I), its absence as (o) and (*) if indefinite. No 
species-level differentiation made for bivalves or echino-
derms. 
, The following, c:hal"ac:.1efS are considered important in 
the delineation of the Qamchuqa facies: 
(1) Orbitolina (2) m'iliolids (3) J'asycladacean algae (4) 
, 
Algae (excluding dasycladacean but including stromatolites, 
.:).\ algal filaments etc.) (5) Rudists, (6) b'ivalves (7) Echino-
, 
L' derms (8) lithoclasts (to include intraclasts, extraclasts) 
. ' 
(9) pellets, oolites, coated grains etc. (10) bird's-eye 
:~. 
(texture, (11) c'olour (whether brown or not) (12) lI1.ud matrix 
(13) 9·rain-supported (14) o'stracods (15) c.orals. 
1 
The characters, mud matrix and grain supported, are used 
according to the modified Dunham's (1962) classification. If 
only mud matrix is present, the rock is termed "mudstone"; 
if it: is both grain-supported and a mud matrix is present the 
( 
, ; 
rock is ter-med a wackestone, packstone or floatstonej and 
if only grain-supported, the rock is either a grainstone 
or rud st one. 
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A special sheet has been prepared, containing, vertically 
the sample numbers and horizontally the above-mentioned 
components. Upon examination of each sample, the data 18 . 
recorded on the sheets and then punched on to cards, Appendix 
(3). The Q-model of cluster analysis has been used to show 
the" relationship between the samples, using the Bonham-Carter 
(1961) Fortran IV program, (modified by Dr. S. Evans, from 
the computer centre to suit the BriBtol University computer). 
The result is drawn as a dendogram (Plate C4). 
The computer divided the samples into more than 25 groups 
at a similarity coefficient of 100. Some of these groups are 
very small containing only two samples. Others contain up to 
14 s~ples. The following are the major 25 groups: 
(1) Group (1): contains samples, 1, 8, 10, 16, 20, 23, 25, 
21, 33, 163, and 169. All these samples are brown mud-
stones with bird's-eye texture and other bioturbation 
features. 
(2) Group (2) contains samples 3, 4, 1, 19, 24 and 26. This 
group consists of lithoclastic, brown mUdstone with 
bird's-eye texture. 
(3) Group (3) contains samples 11, 80, 180, 184. Their 
l~thology is similar to group (2) but without bird's-eye 
texture or similar features. 
(4) Group (4) contains samples 5, 11, 12, 28, 30, 155, 161, 
168, 116, 182, 183, 185 and 190. These samples are 
featureless, brown mudstone. 




of lagoonal, brown mudstone, with or without bioturbation 
features, and represent a quiet, shallow water conditions. 
Sone of these groups start to join each other at similarity 
coeffici~nts of 75 and less, until they form one group at 
similarity coefficient of 56.5. This new group is called the 
"lagoonal group". 
(5) Group (5) contains samples 9 and 29. These two samples 
are Orbitolina-bearing, brown lime mudstone with bird's-
eye texture and bioturbation features. 
(6) Group (6) contains samples 32, 44, 46 and 59. The 
lithology is similar to group (5) but without bird's-eye 
texture or bioturbation. 
(7) Group (7) contains samples 157, 165, and 174. These 
samples are molluscs and echinoderm-bearing brown, 
biomudstone. 
(8) Group (8) contains samples 164, 166 and 172. In these 
samples the echinoderms disappear, leaving molluscan 
biomudstone only. 
(9) Group (9): This group contains samples 41 and 42. In 
these two samples, "the mudstone matrix starts to decrease 
compared to the allochems and the facies is Orbitolina-
echinoderms-lithoclastic, brown wackestone. 
(10) Group (10) contains samples 37 and 40. Their lithology 
is Orbit olina-echinoderm-bearing , brown grainstone. 
These five groups are associated with the first groups 
at many different levels of similarity due to their similar 
features. Although they are characterized by the appearance 
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of Orbitolina and other fossils, these groups can be considered 
as a transitional zone between the lagoonal_and the neritic 
environment. 
(11) Group (11) contains samples 31, 43 and 78. The lithology 
is Orbitolina-echindoerm-bearing brown mudstone. 
(12) Group (12). This group contains 47, 57, 61, 63 and is 
characterized by Orbitolina-miliolids-echindoerm bearing, 
brown mudstone. 
(13) Group (13) contains samples 52, 62, 64. The lithology 
is similar to that of group (12) but the mUdstone is 
lithoclastic also. 
(14) Group (14) contains samples 65, 66, 79, 82. These samples 
are generally algae-Orbitolina-miliolids-echindoerm-
bearing lithoclastic brown mudstone and wackestone. 
(15);Group (15) contains samples 67, 94, 98 and 107. They 
have a similar lithology to group (14) with the absence 
of lithoclast. 
(16) Group (16) contains samples 49, 50, 54, 55 and. 56. Their 
lithology is miliolid-echinoid bearing brown mUdstone. 
(17) Group (17) contains two samples lS9 and 200. The 
lithology is similar to that of group (16) but with the 
p~esence of some pisolites. 
(18) .,Gz:oup (18) contains two samples also, 69 and 81. Their 
l~thology is milio11d-algae-echindoerm, lithoclastic 
and pelletal brown wackestone. 
-(19) Group (19) which contains samples 71 and 85. 
Lithology is similar to group (18) with the presence of 
some pisolites also. 
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(20) Group (20) contains samples 83,88, 89, 90 and 121. 
Their lithology is Orbitolina-miliolid-algae-echinoderm 
bearing, lithoclastic, pisolitic wackestone. 
(21) Group (21) which contains samples 86, 92, 93, 96, 100, 
104, 105 and 120. The lithology is similar to the above 
samples, but with the absence of pisolites. 
(22) Group (22) contains samples 108, 118, 122, and 213. These 
samples are Similar to group (20) but bivalves are the 
common fauna. 
(23) Group (23) contains samples 215, 216 and 217. Lithology 
,is similar to the above with the absence of miliolids. 
(~4),Group (24) contains samples 77,101, 102, and 103. 
Their lithology is algae-echinoderm bearing wackestone. 
Groups (11-24) represent the neritic zone. The faunas 
are diverse and abundant. 
(25) Samples 131, 132, 134, 135, 136, 138,149, 150, 151, 152 
~nd 153, are characterized by the presence of rudists-
, bivalves wackestone. These samples are separated from 
, 
> • all other groups and are associated with the neritic 
.# -,' 
facies at a similarity coefficient of 41. These samples 
are ,designated as the slope, basinward part of the shelf. 
In general, the dendogram can be separated into three 
,>'.j} 
distinctive clusters, lagoonal, neritic with different degrees 
of mixing between them, and a third group, having smaller 
rud~~t-bearing, grain-supported sediments of the slope zone. 
These groupings are similar to those concluded by other 
me'thods discussed earlier in this chapter. 
Detailed cluster-analysis sheets of the Qamchuqa rocks 
are given in appendix (3). 
( 
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VI The Development of Supratidal Conditions in the Jawan 
Zone of the Qamchuga Shelf During the Albian: 
~t is believed that, the shallowing which occured during 
the Albian time in northern Iraq, was accompanied by the 
development of supratidal conditions in the western, Jawan 
lBrt of the Qamchuqa shelf. As mentioned earlier in this 
work, the Jawan formation should be divided into the' following 
two sub-formations: 
(1) The Jawan Lagoonal Limestone: Which is composed of 
miliolidic, pelletal, pseudo-oolitic limestone with some 
first generation dolomite (see dolomitization). This facies 
was dev,eloped in the Jawan lagoon. Its connection with the 
main neritic-basinal part of the shelf was obstructed by the 
presence of shoal-type barriers of neritic limestone and 
dolomite of the Mauddud formation. The lagoonal facies 
has been described and discussed earlier in this chapter. 
(2) ,The Jawan Evaporite; This zone is called Hibbarah 
anhydrite member by Dunnington (1959). It consists mainly 
of nodular anhydrite and some carbonates. In some places 
the, anhydrite was made up of beds of nodules, which give the 
false appearance of bedding, which Chatton and Hart (1962 -
unpublished) called massive bedded-anhydrite. This sediment 
is believed to be formed in the sabkha zone which extended 
trom the non-depositional Mosul block in the northwest to 
the Jawan lagoon near to present day Kirkuk well 117. 
Sabkha Mineralogy: 
Only three common minerals are present in the Jawan 
r 
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evaporite subformation, and these are low-magnesian calcite, 
dolomite and anhydrite. 
1. Low-Magnesian Calcite 
This calcite is believed to be derived from aragonite 
which formed in the area during Cretaceous time. Calcite is 
present in minor quantities as thin seams separating the 
anhydrite nodules. 
2. Dolomite 
Most of the present dolomite is of the first generation 
t,ype,' small in size. This dolomite is formed by early replace-
ment of aragonite or calcite, and it is called also supra-
~idal dolomite (see dolomitization). 
3. Anhydrite: At least two types of anhydrite have been 
~oUnd in t~e Jawan formation. The early diagenetic type or 
nodular anhydrite which isthe most common type in the formation, 
and it will be discussed later. The second type 1s the late 
diagenetic anhydrite, which is considered to be a cementing 
material (see cementation). It consists of polygonal, coarse 
crystals similar to those of a mosaic of sparry calcite cement. 
It is found mainly replacing fossils or filling pores and 
~ractures (see Plate 12B). A comparison between the two 
types is given in table (3-5). 
10 
" ,
Table (3~5) Comparison between early and late diagenetic 
anhydrite. 
early diagenetic late diagenetic 
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1. consists of laths, needle- 1. consists of granular, poly-
shaped thin and longitudinal gonal, mosaic similar to 
crystals. sparry calcite crystals. 
2. The lath is only a few microns 2. The crystal is many 
wide and several microns milltmetres in size. 
long. Some may be megascopic. 
3. Present mainly in the supra- 3. Present in all the zones 
tidal zone of the shelf. of the shelf, including 
the supratidal, neritic 
and fore-slope sediments. 
4. Formed by displaoing the host 4. Formed mostly in pore-
rocks and their replacement. spaces and ca.vities, 
although sometimes it 
replaces fossils. 
Nodular Anhydrite (Plate l4A, B and C) 
Recent anhydrite has been reported to be forming in the 
mainland sabkha of the Arabian Gulf (Kinsman 1961, 1966). 
Acoording to him, this anhydrite is common in the uppermost 
three centimetres of the sediments •. It consists of small 
nodules about 0.13 cm in diameter, which in turn is composed 
of a felted mass of needle-shaped anhydrite laths. The main 
anhydrite oocurrenoe in the sabkha sediments, is either as 
nodules ranging in size from 1 mm up to 20 cm in diameter, 
or as .beds of these nodules, because of the intergrowth of 
hundreds of nodules. Although Kinsman (1966) included this 
type in the diagenetic minerals of the Sabkha, he pointed out 
that· this anhydrite is neither detrital nor replacement in 
crigin and suggested that "anhydrite nodules represent a primary, 
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Plate 14 
The development of nodular anhydrite 
(A) Nodules of anhydrite floating in a micritic matrix. 
These nodules range in size between a .few millimetres 
up to about 15 cm., Bai Hassan well 16, core 29, 
interval 6453-6488 ft. (1966.9-l977.5m), polarized 
light X 14. 
(B) The nodules of anhydrite shown in (A) are made up 
of small, needle-shaped crystals varying in length 
and width. These crystals are considered to be 
formed by displacement of the micritic host rocks 
(black in the photograph), Bai Hassan well 16, 
core 29, interval 6453-6488 ft. (1966.9-l977.5m), 
polarized light X 14. 
(0) Well-developed anhydrite nodules showing flow 
texture. Bai Hassan well 16, core 29, interval 6453-6488 






.. ( early diagenetic, calcium sulphate mineral development". 
He remarked that nodules grow by precipitation adjacent 
to the initially formed crystals, which will exclude the 
sediments. He did not give an explanation of the preci-
pitation mechanism, and his discussion on the origin of 
this anhydrite was brief. However, he rejected the 
mechanism of replacement of earlier carbonate because of 
the presence of carbonate sediments within the aeolian sand. 
Here, quartz and other non-carbonate form between 10 and 20% 
~ of the sediments. So, replacement by anhydrite of these 
, 
carbonates would mean that at least some of the anhydrite 
nodules should become in contact with nearby quartz-rich 
s~, a case he has not found. 
:, Shearman (1963, 1966) introduced the diagenetic origin 
of some of the evaporites, including nodular anhydrite. He 
suggested that the anhydrite nodules usually grow by dis-
pla~ement of host sediments, and one of the indications of 
this'growth is the development of ptygmatic structures which 
are common in evaporites. Shearman and Fuller (1969) suggested 
that'the shapes of anhydrite grains are due to their mode of 
!or~tion where they formed by breakage along the cleavage, 
hence', these are cleavage flakes rather than separ.ate 
crystals. They also pointed out that the false bedded 
appearance of some of the evaporite deposits is due mainly to 
the emplacement of anhydrite on some of the originally bedded 
hos t sediment s. 
The nodular anhydrite of the Jawan formatiQn is made up 
of nodules ranging from few milltmetres to several centimetres 
in size, isolated from each other by thin seams of low-magnesian 
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calcite or fine-grained dolomite (Plate l4A). Under the 
microscope, these nodules are found "to consist of lath-
shaped crystals, 2-3 microns in width, and an average of 
20 microns long. The nodules replace dark brown mudstone 
(Plate l4B). Some of the annydrite laths of Jawan show 
fIaN structures, which, according to Shearman (1966) is 
caused by the competition for space between grains growing 
in the spaces between the already formed crystals. However, 
most of the laths of the anhydrite has an aligned fabric 
(Shearman and Fuller 1969), which results only if the original 
host rocks were impervious. The impeded drainage will cause 
the pore pressure (p) to build up with increase of depth of 
burial, and this will lead to the formation of aligned fabric 
(see Figure 11). The host rocks of the Jawan anhydrite are 
mainly featureless, impervious mudstone, which have a low 
porosity. 
~rine Geochemistry 
Kinsman (1966a) analysed interstitial water from both 
the algal flat and Sabkha of the Arabian Gulf. His conclusion 
was interesting and in accordance with the distribution of 
anhydrite and dolomite in the area. 
Water samples from most of the Qamchuqa rocks were 
collected by using the drill stem test method (see Sage 1958 
for discussion of the method). These waters are sulphurous 
in odour, brown in colour with a specific gravity ranging 
HOST SEDIMENT IMPERVIOUS 
Fig.11:- Impeded drainage causes p'ore-water 
pressure {P} to develop on compaction. 
Anhydrite becomes quick and flows 
to produce aligned fabric. 
After Shearman and Fuller (1969 ) 
between 1.0549 and 1.0890 at 600F with pH ranging between 
6.9 and 8.3. Analysis of these waters has been carried 
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out by the Chem1str,y Section of the Department of Petroleum 
Engineering in the Iraqi Company for Oil Operations. The 
results are included in Hart and Gosling (1965 - unpublished 
report). Other samples have been analysed also by Al-Jassar 
(1975 ). 
According to Ivanov et al. (1968), oilfield water with 
--
r Na 
r 01 greater than one is of meteoric origin, and water with 
less than one is of marine origin. For all the Qamchuqa water 
samples, r Na is less than one, and indicates their marine 
r c1 
i i Th r Na ratio of th 1 d 1 i i or g n. e r c1 e ana yse samp es are g ven n 
table (3-6). 
Table (3-6) The ~ ratios of some of the analysed formation r c1 
waters from the Qamchuqa rocks, compiled after 
AI-Jassar (1975) and Hart and Gosling (1965). 
Well No. Formation r Na 
rcr 
, . 
Kirkuk Well 63 Jawan 0.803 
Mauddud ~~~ ",,? I Mauddud 0.907 
Klrkuk Well 116 Shuiaba 0.901 
Kirkuk Well 175 Shuiaba 0.811 
Kirkuk Well 130 Shuiaba 0.888 
Kirkuk Well 152 Shuiaba 0.876 
• 
Ba1" Hassan 16 Jawan 1 0.641 Jawan 2 0.671 
Shuiaba 0.552 
" • J_ 0.8537 Sea Water 
Bojarski (1970, cited by Gene Collins 1975) divided 
the oilfield waters according to their Na/cl ratios as 
follow: 
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(1) The first class, which comprises waters with Na/cl 
more than 0.85 such as Mauddud (2) of Kirkuk 63, Shuiaba 
of K~116, K.-130 and Kirkuk-152. This zone is character-
ized hydrodynamic movement and water cirulation is active. 
This zone has very little prospect as an oil reservoir and 
there is a high possibility of meteoric infiltration. 
(2 ) Na The second class in which the or ratio is between 0.85 
and 0.75 and includes Jawan formation of Kirkuk-63, and 
Shuiaba formation of K-175. It represents a transition 
between the hydrodynamic and stable zones. This zone is 
also considered as a poor zone for hydrocarbons accumulation. 
The, infiltration of meteoric water is highly common. 
Na 
.. (3 t· The third class, with a or ratio between 0.75 and 0.65, 
is represented by Jawan (2) of Bai Hassan 16. This zone is 
a favourable environment for oil accumulation with little 
infiltration of meteoric water • 
. (4). The fourth class, 'has ~ ratio between 0.65 and 0.50. 
It includes Jawan (1) and Shuiaba formations of Bai Hassan 
Well No. (16). This zone is completely isolated and repre-
sents the ideal area for oil accumulation, with no or very 
little meteoric water infiltration. 
In general, the samples can be divided into thbse with 
a slight increase of their ratios, such as Mauddud formation 
of Kirkuk 63 and Shuiaba formation of Kirkuk-116. These 
formations were subjected to meteoric water mixing and 
washing. Other samples have a less ratio than that of sea 
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J 
r water, such as samples of the supratidal Jawan formation. 
These waters are residual concentrated waters from the 
water of the basin, with little or no mixing with fresh 
water. Kinsman's (1966 ) samples show a ratio of about 
0.55 which is similar to the supratidal samples only. 
The infiltration of meteoric water in the neritic and 
lagoonal zones of the shelf influenced highly the types 
of cement, dolomite, neomorphism etc. 
The important compositional ratios of the analysed 
water from the neritic-lagoonal zones is given in table 




r S04/r cl 
r Mg/r 01 
r Ca/r cl 




Important compositional ratios of the analysed 
waters from the neritic-lagoonal zones of the 











0.0042 - 0.0919 
0.0092 - 0.0905 
0.0754 - 0.1933 




Table (3-8) Important compositional ratios of the analysed 
water samples from the supratidal zone 
(analysis by Chemistry Dept. - I.UO.O. - Iraq) 
ratio Jawan 
r S04/r cl 0.124 
r Mg/r c1 0.0302 












All the samples - except those from the supratidal 
zone ~ are depleted of S04-2 • This is due to the reduction 
of SUlphate by bacteria (Gene Collins 1975). The supra-
tidal samples were enriched with sulphate which means that 
th,e formation water is in equilibrium with its anhydrite 
content. The ~S~i ratios of the supratidal Jawan samples 
are very similar to those recorded by Kinsman (1966) from 
the algal flat and Sabkha of the Arabian Gulf. 
Mg+2 is depeleted in all the samples compared to the 
sea water. According to Gene Collins (1975), the depletion 
of'Mg+2 in the oilfield water is associated with the ionic-
exchange between the carbonate rocks and the Mg-enriched 
water, which led to the formation of dolomite. In areas 
where dolomite is not very extensive, such as the Jawan or 
Shuiaba formation, t he water is still relatively rich in 
Mg+2,< while waters from the extensively dolomitic Mauddud 
formation of K-63 are highly depleted of Mg+2. Kinsman's 
(1966) Mg/cl ratios are very similar to the Qamchuqa samples. 
The Ca/cl ratios of the analysed waters are either 
similar to those of the sea water or more than it. The 
increase in Ca+2 ions in the foreation water is mainly due 
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to dolomitization where these ions are replaced by Mg+2 and 
set free in the surrounding aqueous medium. A similar 
increase of Ca+2 is also noticed by Kinsman (1966). 
In general, the chemical composition of the analysed 
water is correlative with the environmental and diagenetic 
conditions of the formation, and it is also similar in 
composition to water samples analysed by Kinsman (1966) from 
the algal flat and ~abkha of Arabian Gulf. 
Discussion: 
A possible correlation between the environment of 
deposition of the Qamchuqa formation and the Recent sediments 
of the Arabian Gulf seems very useful method, through which 
',' 
the subenvironments which were prevailing during the Middle-
Lower Cretaceous can be delineated. 
Topographically, the general features are similar in 
both of the two areas. According to Evans ~!l. (1969), 
, 
the sabkha of Abu Dhabi is located between the lagoon and the 
uplands of the Tertiary rocks. The sabkha zone of the Qamchuqa 
shelf is situated between the lagoons of the Jawan and the 
Mosul block, which was a non-depositional area during most 
of Cretaceous time (see Figure 10). The annual temperature 
of the Arabian Gulf ranges between 23 0C and 33°C (Evanset a~. 
1969), where the annual temperature during the Albian is 
calculated to be around 2400 (see Chapter one). The salinity 
of the Qamchuqa subsurface water ranges between 67-98%ocompared 
to 55-75%0 which is the salinity of the lagoonal water adjacent 
to the sabkha. 
I 
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-The facies which have been described earlier in this 
chapter are correlative with the facies described from the 
Arabian Gulf by Wagner et ale (1973) and Evans et ale (1973). 
-- --
The coral reef sediments of the Gulf are correlative with 
the rudist-algal bank of the Qamchuqa shelf, because corals 
were not active during the Middle-Lower Cretaceous allover 
the world. The islands and shoal barriers separating the 
lagoonal area from the reefal sediments in the Gulf, are 
thought to be xepresented by algal-hydrozoans-rudists 
barriers, which separate the Jawan lagoon from the neritic 
bank of the Mauddud formation. 
The pelletal, pisolitic and oolitic lagoonal facies in 
the Gulf is similar to the miliolidic, pelletal mUdstone of 
the Jawan lagoonal limestone subformation. Furthermore, 
nodular anhydrite as well as algal mats or stromatolites 
were present in the supratidal zone of the shelf, with 
similar characters to those recorded from the Gulf by Kendall 
and Skipwith (1968). Even cement types, which reflect the 
hydro-chemical conditions, are similar in the two areas. 
Types described by Taylor and Illing (1969) from the Holocene 
intertidal area of Qatar are similar to those found in the 
Qamchuqa formation. As mentioned in the last few pages, 
formation water collected from the Qamchuqa rocks in the 
subsurface have a similar chemical composition to the inter-
stitial waters collected and analysed by Kinsman (1966) from 
the algal flats and the sabkha of the Arabian Gulf. 
If the archaeologists' assumption that the Arabian Gulf 
before 4000 B.C. was about 60 miles north-west of Baghdad, and 
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during Sumerian times it was near Ur, about 230 miles 
~urther south-east (Lloyd 1943) is correct, then the 
similarity between the Cretaceous sediments of Iraq and Recent 
sediments of the Arabian Gulf can be related more or 




THE DIAGENETIC HISTORY OF THE QAMCHUQA ~GROUP 
Diagenesis includes all the physical-chemical processes 
which affected the Qamchuqa rocks after t heir deposition up 
to the present day. 
Published works on diagenesis are very numerous, and 
these are summarized and discussed by Bathurst (1975a). The 
ideal schematic sequences of diagenesis, first introduced 
by Land et ~. (1967) and modified by Eathurst (1975a), will 
be adopted here to explain the diagenetic stages which the 
Qamchuqa rocks passed through. Accordingly, diagenesis can 
'. 
be divided into the following stages: 
(1) Stage (1); The deposition of the Initial Sediments: 
This stage represents the early accumulation of sediments, 
during which, the sediments were unconsolidated, such as 
fragments of rudists, algae, molluscs, Orbitolina and 
e~~i~derm fragments (high magnesian calcite), together with 
soM:e" a.ragonite mudstone in the lagoonal area. Bathurst (1975a) 
pointed out that this mixture is metastable in sea water 
because the water is supersaturated at thjs stage with CaG03• 
: - +2 At'the'same time, the concentration of Mg ions prevents the 
precipitation of calcite and the dissolution of high magnesian 
calcite fragments. The presence of micritic envelopes 
~athurst 1966) around some of the grains helps to prevent 




(2) Stage (2): The deposition of the First Generation of 
Cement: 
This cement is also called cement (A) (see cementation). It 
_" Qtc1.-,,,,.,i\e 
consists of hi9h -magnesian calcite kcrysta1s which form on tbe 
surface of the grains or at the points of contact (meniscus 
cement of Dunham (1971». 
(3) Stage (3): The Loss of Mg+2 Ions: This stage can not 
be easily distinguished from the last stage, but it has been 
generally believed that after the appearance of the first 
generation .cement, the rock becomes low-magnesian calcite 
and aragonite. The mechanism of loss of Mg+2 ions is not 
. 
fUlly understood. Most of the grains which have lost their 
Mg+~ content do not show any dissolution features (Gavish 
and Friedman 1969). 
(4) Stage (4): The Dissolution of Aragonite - PreCipitation 
of Calcite: 
This stage is characterized by the dissolution of the aragon-
itic parts of the rock, followed by the precipitation of 
calcite with the loss of some of the trace elements such as 
strontium (Kahle 1965). Harris and Mathews (1968) found that 
most of the aragonitic skeleton of the,~eistocene reef lime-
stone in Barbados dissolved and reprecipitated as sparry calcite, 
in.the vadose zone. 
, 
(5) , Stage (5): The Culmination of Low-Magnesian Calcite: 
After"the dissolution of aragonite and before the start of 
dolomitization, most of the r06ks were made up of low-magnesian 
calcite. 
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The diagenetic p~~omen3: of the Qamchuqa formation have 
been divided into the following: 
I Boring~rganisms,and micritization. 
II Cementation 
III Neomorphism and the development of microspar and neo-
morphic sparite. 
IV Dolomitization 
V Secondary silica 
VI Stylolites 
VII Porosity 
Although, discussed separately these processes represent 
one" continuous and overlapping sequence. ~hey provide a 
key to understanding the diagenetic history of the formation. 
The effect of the original sediment composition and texture 
and especially the environment of deposition determine the 
type and direction of diagenetic processes. For example 
length - slow chalcedony occurs where the environment was 
evaporitic and sulphate-rich. Consequently, diagenesis is 
considered here as a tool to support environmental conclusions 
already reached in the last chapter. 
e'1' 
I BORINGAORGANISMS,AND MICRITIZATION: 
Perforated and pierced carbonate grains have been described 
from,many parts of the world, such as Florida (Ginsburg 1957), 
Bahamas (Bathurst 1966), and Jamaica (Kobluk and Risk 1977a 
and 'b). However, Bathurst (1966) was the first to point out 
the importance of the role of algae in this process and 
II 
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introduced the term micritization for the process by which 
algal burrowings and tubes were filled by mudstone within 
the. perforated shell. 
Most workers agreed that the processes of algal boring 
and micritization are common in the shallow parts of the 
SQa. Swincbatt (1969) noticed that algal boring is most 
abundant in the shallow environments of the Florida-Bahamas 
shelf, but it is rare in the d~eper area around the northern 
part of the Great Barrier Reef. He claimed that an abrupt 
decrease in their abundance occurs at depth of 60 feet (18m). 
On the other hand Friedman !1!!. (1971) suggested that 
organisms other than photosynthetic algae can bore in the 
calcareous shells and skeleton. Consequently, the phenomen~n 
1s not restricted within the photic zone, to certain depths 
or conditions. Perkins and Halsey (1971) found that there 
are at least three different types of' borir~f , organisms 
inc.~uding: (a) fungi with borings ranging in diameter between 
1 and 4 microns (b) separate green algae with a bore diameter 
around 10 microns and (c) the siphonaceous green algae which 
produce~he largest borings ranging between 15-20 microns in 
diameter. Bromley (1965 cited by Bathurst 1975a')J pointed out 
<t~at perforations caused by fungi are usually smaller in 
diameter than those of algae and also their diameter is 
n,e.arly constant. 
The Process: 
Kobluk and Risk (1977a, b) described experimental algal 
borings at the Discovery Bay, Jamaica. They placed Iceland 




crystals were infested by filamentous boring algae within 
25 days. After 65-95 days, exposed filaments became 
calcified internally and externally with CaC03• The Iceland 
spar crystals also were pierced and perforated. 
Micritization is a common feature in both the lagoonal 
and neritic zones of the Qamchuqa shelf. In the lagoonal 
section of Kirkuk well 117, miliolids were micritized and 
pyritized during the same diagenetic phase. In the neritic 
zone of Kirkuk well No. 130, in about 30 metres of the 
succession, the fauna, mostly Orbitolina, was found to be 
completely blackened and obliterated by micritization, 
Echinpd~m. fragments in the same thin section, were slightly 
micritized along some parts of the edge. Some were not 
micritized at all. Consequently, it seems that Drbitolina sPP. 
and echinoderms have a different behaviour in relation to 
micritization. 
Micritization of Orbitolina spp. (Plate 15): 
As discussed in Chapter 3, Orbitolina tests consist 
of many chambers, each chamber being subdivided into passages 
by the main partitions. Consequently, the test of Orbitolina 
is relatively weak and this may explain the complete micriti-
zation of this fauna. These findings are in contrast to Perkins 
and Halsey (1971), who suggested that there is no relation 
between the shell wall structure and boring endolithic algae. 
It is logical that, faunal elements with weak structures will 
be subject to algal attack more than those which have a strong 
skeleton or shell. 
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Plate 15 : Selective micriti z~tion: The Orbitolina 
species are completely micritized, 
obliterated and filled with dark mudsto 
The echinod erm fragments are slightly, 
or not micritized at all . Compare witb 
figures 12 and 13, Kirkuk well-130 , 
core 40 , depth 492 3 ft. (1500.5m), 





As shown in figure (12), the process of algal boring 
and micritization may be divided into a constructive and 
destructive stage (Kobluk and Risk 1977a). Filamentous 
algae attached to the surface of the Orbitolina test, 
would form a layer of algal filaments on it. This layer 
may protect the test from dissolving, neomorphism etc. 
Those algae which were attached to the weakest points in 
the skeleton, such as passages and chambers, would find it 
easy to bore and pierce the test in these areas and enter the 
, test along these passages. On the contrary, algae which were 
attached to the stronger areas, will find it difficult to 
perforate the test and they may pierce it slightly or may 
not be able to bore it at all. They would have become 
calcified and died. The algae which entered the test will 
follOW the natural passages and chambers and then, after 
weakening the shell, they could bore and perforate the whole 
shell. After the algae death and breakage, these borings and 
tubes would be filled by mudstone. This may explain the 
complete blackening of the Orbitolina tests in Plate (15). 
Micritization of Echinoderms (Plate 15): 
In contrast to the spongy skeleton of Orbitolina species, 
the echinoderm test is made up of Single, thick calcite 
crystals. As shown in Figure (13), the endolithic algae 
which attach to the surface of the echinoderms, find it very 
difficult to pierce this thick calcite crystal. They may bore 
parts of the shell to a very shallow extent, forming a dis-
continuous micritic envelope. In areas where no burrow1ngs 
1 
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Fig. 13:- Micritization of echinoderm shell fragment 





occur, sparry calcite may grow in continuation of the echino-
derm plate (see cementation in this chapter). 
Consequently, algal boring is dependent on the architecture 
of the shell. This selectivity, depending on the skeleton 
strength, may explain the abundance of micritization in 
molluscs shell fragments which were described from Bimini lagoon 
by ~athurst (1966). 
Environmental Implications: 
Golubic !i~. (1975) indicated that this process is 
dominantly photosynthetic and it ranges in occurrence, according 
to Perkins and Tsentas (1976), from the supratidal to the light 
compensation level. 
~dolithic algae similar to those described by Kobluk 
and Risk (1971-a, b) from Jamaica, have been found by the 
present author in many inland Recent lagoons in Iraq. Fila-
ments of algae are found attached to wood pieces, rock frag-
ments, pebbles, dead reed plants, etc. These are considered 
by the local people to be a by-product of frogs. The lagoons 
and patches are shallow, mostly up to 1 metre in depth, with 
slightly above normal salinity. Their bottom is covered by 
vegetation called "salhuo" • 
. , In the lagoonal area of the Qamchuqa shelf, micritization 
is also associated with organic pyrite· \ 
• Consequently, micriti-
zation indicates lagoonal conditions or shallow neritic zone • 
. The micritization is also considered as a source of lime 
mudstone. Kobluk and Risk (1977a) found that upon death and 
breakage, algal filaments produce a lime mUdstone at a rate 
. ~. 
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II CEMENT ATION 
Cementation is one of the first diagenetic processes in 
carbonate rocks. Calcium carbonate is precipitated from 
saturated interstitial solutions into pores and between the 
grains, changing the soft sediments into hard rocks. 
According to Bathurst (1975a), cementation depends on 
many factors, of which the mineralogy of the substratae is 
the most important factor. Others include the saturation of 
the precipitating solution and its composition. 
The process of cementation is not fully understood, and 
the occurrence of cement on one grain rather than on another 
is still not thoroughly investigated. Evamy and Shearman (1965), 
pointed out the importance of the mineralogy and crystal arrange-
ment of the allochems, i.e. echinoderm fragments in their case. 
Bathurst (1975a and earlier works) suggested that algal-
bacterial activities on the grain boundaries may hinder the 
proc,~,ss of cementation on some parts of the grain surfaces. 
Fuchtbauer (1974) assumed that the grains are usually coated 
with organic mucilage, which covers and protects the grains 
from ,being cemented, so the first requirement is the decay 
of this -film. 
Another problem is the source of the cementing materials. 
According to Bathurst (1975a) about half of present day carbonate 
.. , 
rocks is cementing material. Graf and Lamar (1950) recognised 
two generations of cementation. Cement A forms acicular or 
serrated seams on the walls of the poras with their long axes 
t It. ~ 
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parallel to the c-axis, which is the preferred direction of 
growth. Such cement has been described also by Gevirtz and 
Friedman (1966) from the Red Sea. Friedman (1975) described 
some beach rocks and Coca-Cola cans which had been cemented 
together. The early diagenetic cement is derived mostly 
from dissolving the less stable minerals such as aragonite~ 
• i 
The other gener-
ation is Cement B, which has been assumed to be formed after 
the induration of rocks. It usually fills the pores, 
fr~ctures and cavities that have been left by the early 
cement. Crystals are larger in size and equant in shape, 
and~ccording to ]athurst (1975a) the size of these crystals 
increases away from the wall of the cavity. The source of 
the cement is related to the pressure-solution and styloliti-
zation of the rocks (Fisher ~ ale 1964, Bathurst 1975b). 
Types of Cement in the Qamchuga Group: 
The Qamchuqa rocks show a wide variety of cementation 
features, which, with other diagenetic features, complicate 
the __ diagenetic history of the sediments. 
Two important factors, characterising the Qamchuqa rocks, 
are, the presence of oil and anhydrite. Oil occupies many pores, 
fractures and stylolites over the whole area, lining their 
walls with a thin oily layer which,prevents further cementation. 
Anhydrite is also very common in the Qamchuqa, and it represents 
one: of the important cementing materials either alone or in 
association with calcite. The following types of cement have 
been recognized, by examination of thin sections and acetate 
peels, from surface and subsurface sections. 
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(1) Fibrous Cement (Plate l6A): 
This cement is very rare in ancient carbonate rocks, 
because it is mostly aragonitic in composition. Aragonite 
is unstable through time and usually changes into calcite. 
Folk and Assereto (1976) described some fibrous calcitized 
aragonite from Carlsbad Caverns in New Mexico. Kendall (1976) 
found some fibrous calcite with lattice curvature replaced 
some foraminiferal tests. In the Qamchuqa, this cement 
usually replaces allochems and especially rudist shell 
fragments and Orbitolina foraminifera and extend to the 
pores in some cases. It has been assumed that a low-Mg 
calcite slowly replaces the fibrous aragonitic walls of 
these fossils, without obliterating the original crystal shapes. 
Consequently, this cement indicates a very slow replacement 
process. 
(2) Rim Cement (Plate l6B): 
This is also called even cement (Dunham 1971),or 
symmetrical cement (Muller 1970), and is characterized by 
even, granular, calcite grains encrusting the grains, with 
a more or less constant thickness. It is one of the most 
common cements recorded from the Qamchuqa, and especially 
in subsurface sections. In the Jambur field it is associated 
with a high porosity, when no other type of cement is present. 
According to (Muller 1970, Fuchtbauer 1974), this type of 
cement is usually developed in pores, cavities and vugs, which 
are filled with interstitial water, whether it is in subtidal 
conditions or in the phreatiC part of the subaraal environment. 




Fibrous cement: This is an excepti,ona1.1y 
rare variety in ancient carbonates. It 
is believed to be formed by very slow 
replacement of the original fibrous, 
aragonitic texture. .The variation in 
Size, shape and orientation of the f'ibres 
may be due to the differences in the 
original textures of the replaced biolog_ 
ical components. The semi-rounded fragment, 
which is made up of polygonal crystals in 
, the right, is probably Orbitolina,.Jambur 
Well No. 19, Box (3), part 2, interval 
(3262.50-3266.2Om), polarized light X 1.7.5. 
Well-developed calcite crystals growing 
aroUnd the allochems which are mostly 
echin,pde~rm fragments and Orbi tolina. 
The cement crystals on the echinoderm 
fragments at the middle of the photograph, 
are also called dog-teeth cement. Kir~ 
Well 109, interval 5250-5270 ft. (1600.2_ 





valid only if (a) the allochems are well sorted and (b) 
their grain size is more than 0.125 mm, which is the case 
in the Jambur rocks. This cement is probably formed by 
the evaporation of the interstitial water in the sabkha 
arid area, where the rate of evaporation is very high. 
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(3) Gravitational Cement or microstalactites (Furser 1969, 
Tay10ranaIlling 1969), or uneven style cement (Dunham 1971) 
(Plate l7A): 
This term was first introduced by Muller (1970, 1971). 
In contrast to rim cement, the distribution of gravitational 
cement is uneven, and the encrusting cement is thick on one 
side of the grain, while it is thin or almost absent on the 
others. Muller (1970 and 1971) considered this cement to 
be formed after the draining of water from the porea but 
leaving thick water drops on the "lower" parts of the grains 
in the direction of gravity causing the deposition of a 
relatively thick band of cement. He related this cement to 
the alternation of wetting and drying, especially in areas 
where mixing with meteoric water is possible. Hence, this 
cement, like the previous one, supports evidence from other 
areas in favour of the leaching of the Qamchuqa with fresh 
water. 
This cement is most common in the subsurface ·section of 
Jambur oilfield, and it is absent in the muddy deposits nearer 
to the lagoonal part of the basin. 
(4) Overgrowths on Echinoderm Allochems (Flate l7B): 
.. 
This type of cement has been studied in some detail by 
Evamy and Shearman (1965, 1969). By using staining techniques 
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Plate 17A;Gravitational cement: Uneven growth of calc1 
sparry cement on an echinoderm fragment , cr1no 
st ems and Orbitolina. This differential gro 
may be due to the drainage of water in one 
direction (dawn the photograph in this case). 
and leaving a drop of water on the lower edge 
of the allochems. Jambur ~ell No . 19 , intery 
3262 . 5-3266.2Om Box (3), part 3, polarized 11g 
X 35. 
Plate 17B:Overgrowth on echinoderm fragments . Well-
developed sparry calcite cement is growing ~ 
continuation with the single c alcite crystal 
of the echinode~m . Jambur Well No. 19 , Box (3) 
p~rt (4), interval 3262.5-3266. 20m, polarized 






they managed to detect the growth history of the cement and 
its different zones, from the differences in the Fe-content 
of the calcite. 
Bathurst (1975a) called this cement "syntaxial rim 
cement" and suggested tha.t any coating of the echinoderm 
fragments with micrite may prevent the formation of cement 
on some of it s parts. 
This cement is most common in the rudist-Orbitolina 
grainstone and rudstone of the Jambur Oilfield, where 
echinoderms are common and the grains are relatively large. 
(5) Granular or Mosaic Cement (Plate 18A and B): 
This is the most wide-spread type of cement in the 
Qamchuqa rocks. It consists of large, isometric crystals of 
clear sparry calcite, characterized by low Fe-content, mostly 
filling pores, cavities, vugs and fractures and obliterating 
pox~sities of the formation. 
This type of cement, is often associated with a similar 
anhydritic, granular mosaic cement. In some cases (Plate l8A), 
sparry calcite lines the walls of fractures, while the anhydrite 
fills the remaining space between them. Both of these cements 
have been assumed to be very late diagenetiC and to be formed 
by fresh water (Folk 1974, Friedman 1968, 1975) (Fuchtbauer 
1974 ). 
In some rocks, mainly in the exposure areas, this type 
of cement replaces the whole rock, and the resultant rock is 




Relatively large fracture in mUdstone 
rock. The filling crystals were stained 
with Alizarine Red-S. The red crysta1s 
on the edges of the fracture from both 
sides are sparry calcite cement. The 
bluish crystals are granular mosaic 
anhydrite. Both types are considered 
as late diagenetic. Bai Hassan Well-16 , 
core 29, interval 6453-6488 ft. (1966.9_ 
1977.6m), polarized light, X 17.5. 
'W,ell-developed, longitudinal sparstone 
growing on a fracture. The difference 
in the ,crystal shapes on the two sides 
of the fracture, may be controlled by 
water drainage direction, Sefin Dagh 
mountain, Shaqlawa, sample No. 9F, 
polarized light, X 14. 
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A 
B 
In UEOMORl'HISM AND THE DEVELOPMENT OF MICROSPAR AND 
NEOMORPHIC SPARITE. 
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Ueomorphism is one of the most complicated subjects in 
carbonate diagenesis. Neomorphism is defined here as the 
formation of microspar and sparry calcite by wet recrystalli-
zation and growth of micrite. 
The term recrystallization has been used by Sorby (1879) 
to indicate the transformation of crystal size, form or the 
orientation of the grains within one mineral species. Bathurst 
(1958) used the term recrystallization for the transformation 
of originally deformed grains, and borrowed the term. "grain 
growth" from the field of metallurgy to describe the recrystall-
ization of underformed grains. bathurst (1964) repudiated his 
naming of grain growth briefly, and in 1965 Folk rejected the 
nomencl~ture, and deeply criticised it. He wrote: 
"I oppose this scheme, the term "grain growth" is a poor 
adaptation into the field of Carbonate Petrology. I propose 
that it be sent back to the metallurgical orphanage because 
1timplies knowledge of the process, that, firstly, we don't 
posses~, and secondly is probably completely wrong at least 
for most sedimentary petrology" (p.16). He introduced the 
term' "Neomorphism" to include all the transformatiom between 
one mineral and itself or a polymorph. 
Bathurst (1975a) agreed with Folk's new nomenclature, and 
in his analysis of the diagenetic processes included in Folk's 
term "neomorphism". Bathurst recognized the following types: 
(1)' Inversion 
(a) Dry, in situ, solid state transformation of aragonite 
to calcite - unknown in carbonates. 
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(b) Dry, solid state inversion of calcite to aragonite -
unknown. 
(c) Wet, transformation of aragonite to calcite - known. 
(d) Wet, inversion of calcite to aragonite - unknown. 
(2) Recrystallization: by which Folk meant the change of 
form or shape but without accompanied change in mineralogy. 
Accordingly this will include: 
(a) Primary recrystallization, which is dry solid state 
process, including degrading recrystallization, and 
is restricted to metamorphism only. 
(b) Grain growth, dry, solid state including aggrading 
neomorphism - unknown. 
(c) Wet recrystallization: this is most important as 
a late diagenetic process in carbonate petrology. 
(3) Aggrading neomorphism by which micrite grows to microspar 
or sparry calcite. 
From the above analysis, it becomes clear that Folk (1965) 
made the same fault as Bathurst in 1958 by neglecting water, 
the main factor in carbonate recrystallization, and describing 
solid state processes which, if we borrow Folk's sentence, 
"we don't possess". Consequently his nomenclature is hetero-
geneous and includes processes unknown to the field of 
ca~bonate petrology. 
A more suitable solution for the problem is to neglect 
the solid-state dry processes of Folk, but retain the term 
"Neomorphism" as a very useful term for all the recrystalliz-
ation processes under low temperature and pressure and in a 
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wet medium. This practice-will be fOllowed in this work. 
The problem of the growth of microspar and sparite at 
the expense of micrite is not fully understood. No final 
analysis of the process has been published yet, although 
the first step in this direction has been made by Bathurst 
(1975a) through a very careful examination. 
The following points are considered to be essential in 
understanding the process: 
(a) The process is wet. 
(b) It includes the solution of-some of the grains and the 
growth of others, and consequently, 
(c) differential solubility and different growth rates 
prevail. 
The causes which lead to this selectivity in both solution 
and growth have not been widely discussed. Some of these 
reasons are probably: 
(1) The size of the grain. The greater the size, the more 
chance the grain stands of solution. However, since 
most of the "raw materials" are micrite, which have 
a limited range of sizes, this means that this factor 
is not the most important one. 
(2) Nucleation. Particles with a well developed nucleus 
may grow faster than the others. 
(3). The state of deformation of the grains. Deformed 
.. ,.' and fractured grains are more readily dissolved than 
the compact solid ones. 
(4)- The purity of grains. Grains with air bubbles, detrital 
impurities, or any other inclusions, are more easily 
dissolved. 
(5) Angularity of the particles. Angular particles, with 
sharp edges, are more soluble than rounded grains. 
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The growth of neomorphic spar and sparite are assumed 
to be similar processes on different levels, and consequently 
the same factors are attributed to each of them. 
According to Bausch (1968b) Fuchtbauer (1974), the clay 
content of the rocks may hinder the growth of neomorphic spar. 
Land (1970, 1973) divided diagenesis, according to the zone 
in which it occurs, into vadose and phreatic. The vadose 
zone is usually above sea level, mostly subaerial and induced 
by fresh water, while the phreatic zone, which is below sea 
level is divided into marine phreatic and meteoric phreatic. 
Meteoric phreatic diagenesis is more rapid than vadose and 
the resultant rocks will be coarse-grained. 
The Qamchuqa rocks have both microspar and neomorphic 
spar with some crystals many hundreds of microns in size. 
In the lagoonal part of the shelf, much of the micrite has 
grown into microspar (Plate 19A). In some places the allochem 
itself is recrystallized into microspar, which is practically 
absent in Sefin-Dagh mountain outcrops and very rare in Jambur 
oilfield. 
Microspar may be formed in the vadose zone directly after 
the deposition of the sediment, where it has been subjected 
to fresh water influx from the nearby land. The limitation 
of this microspar to the lagoonal area suggests that the high 
clay content hindered the further growth of microspar and managed 
to stop it. In the fore slope part of the shelf, where clay 
is practically absent, the microspar continued to grow, forming 
neomorphic sparite, which is widely distributed in the undolo-
mitized parts of the formation in Jambur, and east Kirkuk 
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Plate 19A : 
Plate 19B: 
Microsparstone: This rock is made up 
completely of microspar which is belie 
to have grown at the expense of the 
original micrite. Pores and cavities 
are lined by relatively larger sparry 
calcite cement crystals. Kirkuk well 
109, interval 4195-4215 ft. (1278.7-
1284.7m) polarized light X 17.5. 
N-Sparstone: This is neomorphic spar1t 
which has evolved from the furth er gro 
of microspar. The boundaries between t 
grains are irregular, and some of the 
crystals have clayey inclusions whicn 
indicate their replacement origin. J~---­
Well No. 19, interval 3266.20-3270.2~. 






subsurface sections, in addition to the surface sections of 
Sefin-Dagh, Bekhme Gorge, and Ge1i Ali-Beg. Some of these 
rocks are completely recryBta11ized into spar and consequently 
the resultant rocks are N-sparstone (see Chapter 3). 
The neomorphic spar (Plate 19B) is assumed to be formed 
in the meteoric phreatic zone, where the mixing between fresh 
and connate interstitial sea water usually occurs due to the 
high porosity of the already deposited sediments. This will 
ease the penetration rate, which is also aided by the absence 
of clay minerals in the slope-foreslope washed sediments. 
The resultant rocks are usually non-porous and very compact, 
and in many places, large secondary anhydrite forms between 
the grains, or even some silica grains. These are considered 
to be a by-procuct of the mixing process. 
In most of these rocks, original organic skeletons are 
completely obliterated and the rocks are now usually fauna-
free. In Sefin-Dagh mountain of Shaqlawa town, the neomorphic 
spar replaces the upper part of a stromatolitic'limestone, 
and 'there are very few remnants of the original texture (Plate 
12B). Otherwise the whole section is made up of fossil-free 
sparstone. In the lower parts of the formation the stromato-
litic limestone can be easily recognized. 
In Jambur Oilfield, the neomorphic spar is associated 
with dolomites, anhydrite or even silica. Sometimes it is 




"Dolomite Question" or "Dolomite Problem" are names for 
the problem of the origin and methods of formation of dolomite. 
Dolomite is very widely distributed and very common in 
nature, but scientists have failed to synthesize it under 
normal conditions of pressure and temperature, similar to 
those found in the sedimentary environment. 
Although most workers agree that dolomite is a diagenetic 
mineral Friedman and Sander (1967 for a good list of references), 
others, Chillinger and Bissell (1961) believe that some of the 
Precambrian and early Paleozoic dolomite was precipitated 
directly from sea water. Recent evidence generally supports 
the diagenetic origin and dolomite occurrences may be divided 
into early and late diagenetic(Fuchtbauer 1974), ~ table 
1-3 ). 
The diagenetic origin of dolomite may explain the _diitrc.Il\~ 
of the experimental studies for the precipitation of dolomite, 
because the diagenetic process usually takes a very long time 
to be completed, and can not be easily simulated in the labor-
atories. 
Folk and Land (1975) exemplified the idea of dolomite 
formatation, by two buses. One is uncomfortable, but with 
large w ide doors (the calcite bus) and the other is very 
comfortable but with very difficult doors to open (dolomite 
bus). On rainy days, people rush into the easy calcite bus 
(high crystallization rate), but on ordinary days, people prefer 
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the more comfortable dolomite bus. Unfortunately Folk and 
Land failed to explain why dolomite bus is so comfortable 
for the "Ca+2 crystals or for both "Ca+2"and Mg+2". 
Origin of Dolomite: 
In the past, the origin of dolomite has been explained 
very easily by placing dolomite in the evaporite series, 
according to the evaporation dish method of formation. Dolomite 
is considered to be environmentally, a transitional mineral 
between calcite and anhydrite, and accordingly workers have 
r tried to find similar "dishes" in nature. Ochsenius (1888) 
introduced his classic "Bar Theory" in which some part of the 
sea is isolated into a natural dish by a barrier, where the 
water evaporates slowly, leading to horizontal beds of calcite-
dolomite-anhydrite, and then salt. In areas where anhydrite 
or salt or both are absent, it has been assumed that the cycle 
of evaporation was not completed, or was disturbed by dilution 
or some other external factor. 
King (1947) developed the above theory and applied it to 
explain the evaporite deposits in the Castile Sea of Texas 
and north Mexico. He called it the "Theory of Reflux" because, 
due to evaporation in the isolated area, a rich brine resulted. 
AS,~he lighter sea water flowed in toward the land, these 
brines are returned to the sea. Scruton (1955) suggested 
that evaporites are usually deposited in isolated arms of the 
sea, where evaporation exceeds precipitation and run-off. The 
continuous in-flowing of surface currents of the partially 
'enriched water is balanced by out-flow of concentrated brines 
toward the sea. 
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Nowadays, this theory is called the refluxion theory, 
which will be explained in its modern setting together with 
other theories of the origin of dolomite. 
(1) Refluxion Theory: 
The refluxion theory introduced by Adams and Rhodes 
(1960) is a continuation of previous thinking about the 
subject. The theory is simple and direct. In summary it 
is that, with the development of a barrier (although Adams and 
Rhodes described it as "reef barrier", it is not essential to 
be reefal), the refluxion of the sea water would be hindered 
from the lagoon. This causes evaporation to increase, leading 
to the precipitation of anhydrite CaSo4, leaving the lagoon 
water enriched with Mg-ions. These will disperse through 
the connate water and seep slowly downward through the already 
nearby deposited limestone of the shelf. Mg may replace Ca 
and so form dolomite. 
Teodorovich (1955) stressed the importance of saline 
lagoons as a medium for the dolomite formation. He pointed 
out the important role of the slow, warm, bottom currents 
in the formation of replacement dolomite. 
Deffeyes ~~. (1965) cited a recent example of the 
refluxion theory, when they described a dolomite which bas been 
assumed to be formed by this theory from "Bonaire Island" in 
the Netherlands. According to them,these deposits form a flat 
area characterized by supratidal conditions, where evaporation 
of sea water, causing the deposition of calcium carbonate and 
gypsum, produces a dense, brine water with a high Mg/Ca ra.tio. 
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Consequently the dolomite was assumed to be formed by the 
downward flow of the brine water into the permeable sediments. 
The evidence they cite depends on a C-14 dating technique in 
order to show age-relationships between the dolomite and 
deposition of sediments. 
The theory caused a great stir when it was first intro-
duced in 1960, and many geologists welcomed it. Chilingar 
and Bissell (1961) published a short discussion mostly in 
favour of the theory, and in fact the works supporting it are 
innumerable. They include Muller and Tietz (1966) Berner (1965) 
and many others. 
Murray (1969) restudied the Bonaire Island and found that 
the flow of sea water onto the land usually occurs through 
permeability zones only in the rocks. This leads to what 
he called "selective domomitization". A second point is that 
the annual reflux in early summer causes a significant loss 
of heavy brine. 
In order to trace the refluxing water in Bonaire, Lucia 
in 1968 carried out a coring programme in the area. After 
-
analysing the interstitial water, it became obvious that there 
1s no hypersaline water below the sediments but only normal 
sea water. 
In 1975 Land ~~. pointed out that the refluxion theory 
is "hydrologically unlikely and requires the precipiation of 
vast quantities of gypsum!'. 
So it seems that most of the points on which the theory 
depends are suspect. 
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2. Evaporation Pumping Theory: 
This theory was introduced after the general disappointment 
that followed the results of Lucia's work (1968). "After years 
of puzzling", finally Hsu and Siegenthaler (1969) discovered 
that "The supratidal flat is not necessarily the source, but 
may actually be a sink of hydrodynamic system:' The theory is 
the reverse of the refluxion theory, and states that the high 
rate of evaporation in the sabkha area will lead to the move-
ment of sea water toward the land in order to compensate for 
the loss. During its movement sea water is gradually concen-
trated, causing the dolomitization of the host sediments. 
They demonstrated their theory by an experiment consisting 
of a glass-walled tank, half filled with sand. The surface 
of the sand was nearly flat ~t one end to represent the land, 
while the other end h~s a slope of about 100 in order to 
exemplify the sea floor. Salt solution was considered to 
represent sea water, and the land was saturated with fresh 
water. A 250W lamp was used to simulate the sun, causing 
evaporation of the water from the land, and as the system 
became established, a continuous flow of sea water toward the 
land was noticed. 
The, objection to the theory is that it could produce 
fine-grained, thin-bedded, caliche deposits, but it cannot 
explain the thick deposits of dolomite (Land et al. 1975). 
The theory also does not aid the interpretation of late dia-
genetiC dolomite, which may occur millions of years after 
deposition. The theory also does not take into consideration 
the differential subsidence between the shelf and the sea. 
201 
3. Solution Cannibalization: 
This theory assumes that "cannibalization" of carbonate 
sediments is responsible for the liberation of Mg-ions required 
for dolomitization. This allegedly occurs as a result of the 
interaction between the solubility of the constituent carbonate 
phase and circulation of the connate fluid (Goodell and Garman 
19690. 
According to Goodell and Garman (1969), the pelletal mud 
forming near west of Andros Island contains sufficient Mg ions 
to dolomitize 8-9% of the sediments and this can occur by 
cannibalization of the magnesian calcite. 
Murray (1960, 1964) described a similar mechanism for the 
formation of hollow doloc.ite, called "selective dolomitization", 
by which doloc.ite rhombs grow at the expense of neighbouring 
crystals. According to Murray (1964) when a rhomb of dolomite 
starts to grow at the expense of the local carbonate grains, 
which will dissolve outside as well as inside the volume of 
the final rhomb. This provides the carbonate necessary for 
the growth of the rhomb in the space which was occupied by 
carbonate and provides the necessary carbonate to compensate 
the 12% to 13% volume difference caused by dissolution. If 
the excess dissolution of calcite is concentrated in the space 
outside the growing rhomb at any stage of its growth, this 
calcite should acquire a higher porosity with the continuous 
growth of dolomite rhombs. Consequently, when this rhomb 
reaches a certain size, a moa:t of void space will develop 
around it, and this moa.t will grow as the rhomb increases in 
" 
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size. Under such conditions, the outer part of the rhomb 
should grow free of micro-void filling cement and clear of 
inclusions. If a complete moaL develops around the rhomb, 
the rhomb will fall to the bottom, by the effect of gravity, 
giving assymmetric clear rims. The method of growing is 
shown in Fig. (15). It is worth mentioning that most of 
the hollow dolomite in the Qamchuqa formation is associated 
with relatively high porosity, which increases with size of 
rhombs, until the dolomite becomes spongy in appearance. 
4. Dorag Dolomitization - Schizohaline Dolomitization: 
This theory was the first of a series of similar hypo-
theses and represents a new trend in the interpretation of 
the process of dolomitization. 
The theory was introduced separately by two workers. 
Badiozamani (1973) who called it the "dorag dolomitization", 
from the Persian word dorag which means "hybrid", to indicate 
the mixing between sea and fresh water. Land "(1973), 
introduced the same theory to explain the dolomitization of 
the Tertiary sediments of Jamaica. 
The idea of the mixing between fresh and sea water, and 
its effect on ionic concentration, has been dealt with by 
many workers. Runnells (1969) suggested that because of the 
non-linearity of the CaC03 solubility curve, a mixture of 
two waters can result in undersaturation. Garrels et ale 
(1961) found that the solubility of calcite in a solution 
of NaCl and MgC12 increases with ionic strength, till inter-
mediate in strength, and then decreases with higher ionic 
strength.H611.and~ ~.(1964) recorded that two waters, saturated 
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Fig. 14:- Saturation zones of dolomite formation according to the 
Dorag Dolomitization Model. After Badiozamani (1973) 
a~ter Murray (1964) 
Fig. 15:- Development of -hollow N dolomite. 
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it, if they are mixed together. 
Badiozamani (1973) from a theoretical calculation, found 
that a mixture of up to 30% of sea water - 70% fresh water, 
will be less saturated with respect to calcite, and more 
saturated with respect to dolomite. For a decrease in the 
increment of sea water, in the range of 5-30% of sea water, 
the solution is undersaturated with respect to calcite, but 
many times saturated with respect to dolomite. This will 
lead to dolomitization of the host rocks. He applied this 
model to the dolomitization of the Middle Ordorician of 
Wisconsin in the United States, (Figure 14). 
Folk and Siedlecka (1974) introduced the term "schizo-
haline environment", from the Greek "schizo" which means 
"split", to indicate the environment in which fresh and sea 
water mix. Such environment,s are, for example, include a 
sabkha area, flooded with heavy rain or, a shallow hypersaline 
bay diluted with fresh water. Another way of mixing is by 
tectonic uplift, where sediments with their connate water, 
become exposed to meteoric'water. These fluids will mix 
and cause dolomitization. 
Land ~ ale (1975) mentioned that the dolomitization of 
the Tertiary sediments of Jamaica, Eocene dolomite of Egypt, 
and Ordovician dolomite of northern Canada, all indicate a 
dolomitization process by mixing of fresh and sea water. 
This assumption is supported by the chemical characters of 
the sediments studied. 
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Discussion: 
No theory from those mentioned above can claim . 
to _ explail1 . the origin of all the types of dolomite. On the 
other hand, the abundance of dolomite, and its wide distribu-
tion, may be due to one or both of the following: 
(a) Dolomitization is the result of one, simple, easy, 
natural process. 
(b) Dolomite forms by many different ways, leading to the 
same result. 
Accordingly, a relation can be easily recognized between 
these different theories introduced to explain the origin of 
dolomite. The areas where evaporation is active and exceeds 
precipitation, are usually situated just landward of the 
shore. Where the possibility of fresh water influx is high, 
so some of the dolomite may be produced due to the reaction 
of Ca+2 with SO-24 leaving a Mg-enriched solution which 
causes dolomitization, as suggested in the refluxion theory. 
The resultant dolomite will stop growing with the complete 
evaporation of the basin or the lagoon. This is termed 
supratidal, hypersaline and even sometimes "penecontemporaneous" 
dolomite. It is mostly small in Size, clear and associated 
with evaporites. Alternatively, the resultant dolomite will 
continue to grow, due to the mixing of the invading fresh 
water from the nearby land, with the connate water, according 
to the dorag dolomitization method. This new mechanism, will 
either act on the already formed "hypersaline" dolomite by 
refluxion, or will form new replacement dolomite, by attacking 
the limestone already deposited. The resultant dolomite is 
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called by Folk (1974) "limpid dolomite", which. is usually 
clear, very sharp-edged rhombs. 
Another type of dolomite has been described as "hollow", 
" . 
"cloudy , "d~rtylt dolomite. This is rhombohedral dolomite 
but with clouds in the centre, which may be comprised of 
lithoclasts, pellets, quartz grains, etc. Folk (1974) con-
sidered this type of dolomite as an "uncertain" indicator 
of his "schizohyaline" environment. Murray (1960, 1964) 
suggested a more reasonable mechanism for the formation of 
this cloudy dolomite, using the cannibalization or local-
source theory. He suggested (1964) that dolomite rhombs start 
forming by dissolution of the nearby carbonate, the excess 
carbonate needed for the rhomb growth being supplied from 
areas beyond the rhomb limits. This will lead to a higher 
porosity around it, and so the inclusion-free rim will form 
due to lack of CaC03 in the area. The porosity zone will 
continue to grow forming clear zones and cloudy centres. 
So, it is apparent that dolomite results from different 
mechanisms. They are interconnected and they may work together, 
leading to the different features associated with dolomite 
such as necleation, zonation, inclusions, etc. 
The failure to find a Recent example of the refluxion 
process does not exclude the possible occurrence of dolomite 
by the mechanism described by Adams and Rhodes (1960). 
However, due to the limitation of water-movement and its 
slowness, the affected area should be limited and the 
resultant dolomite crystal sizes would be small. 
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The pumping theory has the same problems as the reflux 
theory and the resultant dolomite may also be small in size. 
In addition, the shelf areas where such processes usually 
operate, are tectonically unstable and the flow of sea water 
landward may be disturbed by tectonic movement. The cannibal-
ization theory is limited in effect. It may be responsible 
for the formation of cloudy dolomite, but it is worth mention-
ing here that this type of dolomite may be formed by any 
replacement process where the supply of CaC03 is very high 
at the beginning. Consequently the "sorting" will be very 
lew, with a high content of impurities. As the supply becomes 
less and less, the resultant dolomite will be clearer and 
clearer. Another explanation is that the original calcite 
may be algal or bacterial, with some organic material en-
trapped within the skeleton of caC03 itself. 
The dorag and associated dolomitization models are the 
most reasonable processes for dolomite formation. One further 
point should be taken into consideration and that is the fresh 
water source. Dolomitization has been recorded from areas 
where rain is very scarce or practically absent, and according 
to Badiozamani (1973) the zone of saturation is between 5-30% 
of sea water. This means that for one cubic metre of sea 
water about 20 cubic metres of fresh water is needed to 
start dolomitization. For complete dolomitization four times 
this amount of fresh water may be needed. It would be very 
interesting to study some dolomite - if any is present - from 
the Kalahari desert for example. 
Dolomite Distribution in the Qamchuqa Group: 
Dolomite is the main feature in the Qamchuqa rocks, 
both in surface outcrops and subsurface sections. In the 
outcrops, dolomite forms more than 60% of the succession, 
and it is mostly massive, fractured and dark to black in 
colour (Plate 20A and B). Thick dolomite sections are 
present in the Qamchuqa type section in Qamchuqa village, 
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in Sefin-Dagh in Shaqlawa, Bekhme Gorge, Dukan, Pirr-i-mugroon, 
and most of the other exposures. The dolomite percentage 
increases to the northeast. This may be due to the fact 
that the northeast of Iraq was exposed before the other 
parts, possibly from the Tertiary time (see Chapter 5). 
Dolomite in the exposures shows some regularities in 
distribution, to such a degree that it has been used by 
Wetzel (1951 - unpublished) and Hudson (1954) as a basis 
for stratigraphic classification (see Chapter 1). 
Methods of Study: 
In the field, dolomite has been examined in Sefin-Dagh 
mountain in the Shaqlawa area. It is generally coarse and 
very hard, although there are a lot of stylolites, small 
and giant fractures filled with sparry calcite cement. No 
bedding planes can be traced easily and the formation is 
very massive. In some places, doloc\ast is present and 
this is assumed to be formed by solutions of transected 
joints and fractures (see Plate 3). Solution cavities, and 
natural caves are also common (Plate 30B). The widening of 
fractures, and the formation of c~vities are related to the 
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Plate 20A & B: Massive dolomite outcrops of the 
Qamchuqa group (Mauddud for.m~tion). 
The dolomite is black to dark brown 
in colour and it is extensively 








strong currents of water flowing from the mountain toward 
the town, where it is used as drinking water. The source 
of water is from springs, which are widely distributed in 
the mountains. In addition, relatively thick ice-beds form 
on top of the mountains during winter time, and, because of 
the great difference between winter and summer temperatures, 
give rise to strong currents flowing toward the valley on 
the sudden melting of the ice. 
Samples were taken from each vertical interval of 16 metres. 
No dip or strike measurement has been taken because the beds 
are strongly disturbed. The grain size increases upwards 
through the section as it has been exposed longer than the 
lower parts. Also the upper part· is associated with the 
Jawan evaporites. 
Samples were also collected from the subsurface sections, 
mostly each 1.5 metres. The dolomites of the western Kirkuk 
wells, which are nearer to the lagoonal-evaporitic part of 
the shelf, are fine in size and not very extensive. Jambur 
well samples show very extensive dolomitization. They 
are usually coarse in size, platey in some rock samples, 
with a very high porosity, mostly oil-soaked, saccharoidal in 
appearance and with a lot of vugs, pores, fossils molds etc. 
Thin sections and acetate peels have been made for some 
of the surface and subsurface sections. Some samples were 
, . 
treated with Alizarine red S and potassium ferricyanide in 




The long-axis of 420 dolomite rhombs has been measured 
using the Swift sIN 155404 polarizing microscope, provided 
with a micrometer grid, a Swift mechanical stage 21243 and/ 
or the Swift point counter 30485. The resulting data has 
been computed, using the Biomedical Package File (B~ID-5) 
and the computer 100 ated in the Bristol School of Mathematics., 
Computer Centre, to draw a histogram with class interval of 
20 microns (see size distribution). 
MgO percentage has been analysed for by atomic absorption, 
using the pye Unicam Sp 90 :.A.A Spectometer and/or by P\V 
uO 
1212 X-Ray F1JL~oscence Spectrometer. Sample data have been 
--
compared and corrected with international standards (see 
Chapter 5). 
Dolo.stone Classification: 
Although dol~swneis a very common rock, no classification 
has been introduced to classify these important rocks. 
-Dolomite is still described as fine or coarse-grained, 
primary or secondary etc. 
Friedman (196.5) introduced an igneous, metamorphic-based, 
textural classification of sedimentary rocks in general. The 
classification has not been used, widely, probably due to 
the complicated sedimentary textures compared to igneous or 
metamorphic rocks. The present author found that with the 
addition of one new term "aphanitic", Friedman's (1965) 
classification can be used successfully in the description 
of dolo:eto\"e rocks. This is due to the discrete, and sharp 
boundaries of most of the dolomite grains. The classification 
as compiled from Friedman's paper is shown in table (4-1). 
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Table (4-1) Textural classification of dolo.stone compiled 
and modified after Friedman (1965) 
J..t () () () 
'" 
ori () ori 0 ori 0 
M P4 ori P4 ori P4 ori 
~ 0 P4 0 P4 0 P4 
~ ~ 0 ~ 0 ~ 0 
'" 
0 ~ 0 ~ 0 ~ 
J..t , J..t 0 J.t 0 J.t 0 .~ ~ M !? M ~ M ori ori .d ori 
of PI .!.d Pt .!I:I P4 .!.d 
CD J.t ori J.t "1"4 J.t oM ~ 0 0 0 0 0 0 
H Pi Pi P-t P-t P-t P-t 
J.t 
'" 
Xenotopic Hypidiotopic Idiotopic Very fine M 
~ grained ~ 





texture Anhedral Subhedral Euhedral Aphanitic 
without Partially Well-
planes developed developed 
planes planes 
In order to separate "the dolomite into different types, 
the following properties have been examined. 
. 
(1) Texture: by using the modified Friedman (1965) classifi-
cation, the Qamchuqa dolomite was found to range from 
aphanitic to anhedral and euhedral types, with all the 
transitions between them. Euhedral dolomite is found 
in Jambur well 20(Plate 22B)anhedral dolomite is found 
in outcrops and some horizons in Kirkuk and Jambur wells. 
Aphanitic dolomite is most common in the lagoonal part 
of the she lf • 
(2) Zonation: The outer part of the dolomite rhomb may 
or may not be zoned depending on the growth rate. 
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In some dolomites, fluid inclusions are present also. 
(3) Centre of the grains: According to the nature of 
the nucleus of the grains, dolomite rhombs have 
either a clear centre or a dirty nucleus such as 
pellet· , mudstone, oolite etc. In some cases, the 
centre of the dolomite rhomb is completely dissolved 
leaving the edge frame only (Plate 23B). 
(4) Geochemical Properties: The analysis of MgO content 
of these dolomites showed three distinctive populations, 
which are correlative with the grain-size population 
of the dolomite. Further discussion about this matter 
is found in Chapter (5). 
Types of Dolomite: 
Detailed thin section and acetate pee~analysis of more 
than 1500 samples, from both surface and subsurface sections, 
reveals the following types of dolomite using the above 
mentioned properties: 
(a) Hypersaline Dolomite (Plate 22A): This dolomite is also 
called "contemporaneous" or primary by some workers. Similar 
doiomites have been described from Recent sabkha environments 
in the Arabian Gulf. The grain size is relatively small, 
not more than 50 microns; the crystals are clear and are 
associated with calcite or other minerals. Some of this 
dolomite occurs as small ~clusters replacing a foraminifera 
or lithoclasts, an indication of replacement which is not in 
favour of a primary origin. 
This type occurs most commonly in western Kirkuk wells 
and in Bai Hassan wells. It is usually associated with 
evaporites. Similar dolomite has been found in Geli Ali 
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Beg section, attacking lagoonal-miliolidic wackestone, which 
is assumed to be of the Jawan formation. 
(b) Hollow Dolomite (Plate 23A): This type of dolomite 
has been described by Folk (1974), Murray (1964), and many 
other sedimentologists. It is also called "cloudy" or "dirty" 
dolomite, related to the cloudy centres and the clear rims. 
The size of these dolomite crystals is mostly between 115 
and 235 microns, usually associated with high porosities 
and solution features. Most of this dolomite is not 
associated with other types, which may suggest a different 
mechanism of formation. 
Under high magnification, some of these crystals show 
inclusions, gas bulbs, quartz or calcite impurities, and 
some of them are fractured or have other types of defects. 
No clear zonation has been noticed, and staining showed a 
homogenous Fe-content of the whole crystal. This suggests 
a constant Fe-level during the whole process. 
(c) Limpid Dolomite (Plate 29A): The name has been used 
by Folk (1974) to indicate "idiomorphic, mirror-faced crystals 
of water-clear dolomite", most of the dolomite of this group 
is medium-sized. It is the most common type of dolomite in 
the subsurface sections, especially in eastern Kirkuk and 
Jambur wells. This dolomite replaces the rocks either 
partially or completely, and is associated with high porosity, 
In some cases, the dolomite attacks the matrix only, leaving 
the allochems undolomitized. 
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Some of this dolomite is tightly packed, with boundaries 
in ver,y close contact. Sometimes the crystals are fractured 
due to the stress exerted by continuous addition and growth 
of the rhombs. 
(d) Nondescript Dolomite (Plate 21A): This is subhedral 
to anhedral dolomite. The term "nondescript" has been used 
by Mazzullo and Friedman (1975) for the "massively bedded, 
unfossiliferous, mottled dolostone, in which most of the 
original textures and fabrics have been obliterated ••• " 
It is common in the exposures especially in Sefin-Dagh 
section, and also in the main reservoir unit in Kirkuk weI1-130, 
and Kirkuk-109. Its general appearance is very similar to 
marble, and both undulatory extinction and deformation twins 
are present, which indicate a high deformation state. The 
original grain boundaries are often obliterated, the size 
is generally more than 300 microns, and sometimes it has 
associated secondary anhydrite and silica grains. The rocks 
are generally very compact, and show little or no porosity. 
Upon pulveriz~tion of these samples an H2S smell is liberated, 
which indicates algal-bacterial activity in the original rocks. 
Some pores, which are circular in thin section, are occupied 
and impregnated by tar and fossiliferous oil. Under high 
magnification, some of the grains show many deformation 
features, inclusions and impurities. 
(e) Granular or Mosaic Dolomite (Plate 21B): This dolomite 
is anhedral, and very similar to the cavity filling sparry 




Late generation, subhedral dolomite rhombs 
intergrow with sparry calcite, anhydri.te 
and granular silica. This rock is very 
compact and has a "marble" appearance. 
Kirkuk well 130, interval 5230-5235 ~t. 
(1594.1-l595.6m) polarized light, X 17.5 
Granular, anhedral dolomite patch replaCi.llb 
crinoid fragments. This dolomite, in 
contrast to most of the Qamchuqa dolomite 
t 
has no definite crystal shape. It is 
thought to be a very late diagenetic type 
and probably deposited from enriched 
solutions in pores and cavities. Jambur 
well No. 19, interval 3262.5-3266.2Om, :Box 
(3) part 2, acetic peel, X 14. 
l~ e 1 
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no crystal shapes or boundaries. This type is most common 
in the reservoir part of the Qamchuqa in Jambur, where it 
is associated with porosity, cavities and fractures. 
In some areas, the whole rock is made up of this type 
of dolomite. Upon etching some of these rocks with aCid, 
dolomite appears clearly as cavity-filling. It is assumed 
generally that this type of dolomite reduces the porosity 
very much. 
Size Distribution: 
Land et ale (1975)used the technique of measurinS the 
long-axes of rhombs to divide the dolomite into different 
. size groups, which were assumed to represent different 
diagenetic generations. Due to the wide-range of sizes of 
the dolomite rhombs, a class interval of 20 microns is chosen. 
From the examination of the histogram (Figure 16), three 
generations of dolomite can be recognized. Also it is 
obvious that there is a gap between (315 and 335) microns, 
which indicates a break in the formation processes. Starting 
from the smallest size, the generations are: 
(1) The 35-115 microns generation. (Plate 21A). These are 
the smallest dolomite rhombs present in the formation and it 
is the second most common after the middle generation. It is 
mostly found in the west Kirkuk wells and in samples from the 
"Geli Ali Beg" section. It is also associated with evaporites 
and includes the "hypersaline dolomite". This dolomite will 
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Fig. 16 :-
HISTOGRAM SHOWING THE DISTRIBUTION 
OF THE LONGEST AXIS OF DOLOMITE 
RHOMBS FROM QAMCHUQA GROU P IRAQ 
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(2) The 115-235 microns generation. (Plate 2lB). This is 
the most common type of dolomite in the Qamchuqa rocks, and 
includes both limpid and hollow dolomites. There are some 
rocks which are made completely of this size group. It 
follows stylolite seams in some rocks (Plate 29A) and it is 
often associated with the samllest generation. This dolomite 
will be called the medium generation dolomite. 
(3) The 255-375 microns generation (Plate 22A). It includes 
both the nondescript and the angular mosaic types of dolomite 
and includes the largest dolomite ever recorded from this 
formation. It is mostly xenotopic, very compact, and there 
is no trace of the original rock fabric. It is very common 
in the exposed sections of Sefin-Dagh in Shaqlawa, and Geli 
Ali Beg. This dolomite is called late diagenetic dolomite. 
Origin of the Qamchuqa Dolomite: 
From the petrographic examination and size analysis, it 
becomes clear that there is more than one generation and 
several different types of dolomite in the Qamchuqa rocks. 
Probably, therefore, more than one process is involved. 
Starting with the hypersaline type- due to the small grain 
Size, its association with the evaporites, its limitation 
both areally and in amount, - this type of dolomite may be 
developed by the refluxion theory in the way described by 
Adams and Rhodes (1960). 
There is considerable evidence to support this inter-
pretation. This type of dolomite is virtually absent from 





First-generation, small-sized dolomite 
rhombs replacing miliolidic lagoonal-
wackestone. The . sharp boundary between 
the two may indicate the level of the 
underground water which control the 
dolomitization process. Geli Ali Beg, 
sample No. K3, polarized light X 14. 
Medium-generation dolomite. This type 
consists of well-developed sharp dolo-
mite rhombs with or without clayey 
nucleus and associated with high porOSity, 
Kirkuk well No. 109, interval 4180-4190 ~ 
(1274.1-1277.lm), polarized light, X 14. 
3 
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Pl ate 23A: 
Plate 23B: 
Late generation hollow dolomite. The 
rhombs are well developed and large in 
size. Some of them are zoned with 
clayey nucleus. This dolomite was 
probably formed from a local source 
because it is associated with high por-
osity. Kirkuk Well No. 130, core 53, 
depth 5200 ft . (1584.9m) polarized light 
Rare centre-dissolved dolomite. The hOll 
centre is probably formed by the dis801uti 
of the clayey nucleus shown in (A). Kir 
Well No. 130 , cuttings, interval 4295-43 
(1309 .1-1310 .7m), polarized light, X 44. 
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shelf. Also, the association of these dolomites with 
pelletal-miliolidic lagoonal limestones in "Geli Ali Beg" 
£avours this interpretation. 
The small size of the crystals may be related to the 
relatively short period in which anhydrite was forming in 
-",' ...... , 
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the western part of the shelf as well as to the problems of 
wate! movement through the sediments. 
Small size dolomite is common in K1rkuk well-l17, where 
the succession is made up of an alternation of neritic limestone 
of the Mauddud formation with either the Hibbarah anhydrite 
member o,r the lagoonal limestones of tbe Jawan formation. 
Thus, it becomes clear that this dolomite is closely associated 
with-anhydrite. From this one can assume that the refluxion 
tbeory can be effective over sbort distances and the resultant 
dolomite may be small in size. 
, :; Tbe limpid dolomite is assumed by many workers e.g. 
Folk '(1974 ) and Land et ale (1975) to be the result of fresh 
--
, , 
water mixing. Consequently tbe most common type of dolomite 
in the Qamchuqa could be formed by the mixing of fresh water 
. with,. the connate water entrapped in the already deposited 
limestones. 
Evidence in support of this assumption is that, this 
dolomite is very irregular in distribution, is associated 
with solution features and high porosities, and has no 
association with evaporites of the Jawan formation. In 
contrast~ the dolomitization is most active in Jambur area, 
which' 'is assumed to be the fore-slope, where porosity is 
, , 
highe~"~~d so the penetration of meteoric water is easier. 
A1-Jassar (1975) analysed some formation waters from 
the Cretaceous reservoir rocks of Kirkuk Oilfield. These 
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waters are assumed to represent fossil connate waters. 
The Mg/Ca ionic ratio of these waters was found to be in the 
range of 1:1.5 to 1:4 (Table 4-2) which indicates that these 
waters are depleted in relation with Mg+2, and which is assumed 
to be exchanged with the Ca+2 ions in the rocks and led to 
the formation of dolomite. 












reservoir rocks, Kirkuk. Calculated after 
A1-Jassar (1975). 
Mg/Ca Sample No. Mg/Ca Sample No. 
1:4 K-130(1) 1:1.5 K-116(6) 
1:1.5 K-152(1) 1:2 K-175(2) 
1:2 K-116(4) 1:4 K-130(2) 
1:3 K-63 (4 ) 1:1.5 K-152 (2) 
1:3 K-63 (5) 1:2 
1:2 K-116(5) 1:3 






The suggestion of selective dolomitization (Murray, 1960, 
1964) is introduced here to explain the origin of the hollow 
dolomite present in the formation. 
The restricted occurrence of this type and its association 
with obvious solution features may be in favour of this theory. 
:The nondescript dolomite is considered tO,have formed by 
. the continuous growth of limpid dolomit e due to the continuous 
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addition of ions to the rhombs. Many rhombs, are fractured 
due to the stress from neighbouring rhomb growth. This 
growth is assumed to be a continuation of the mixing process. 
The mosaic dolomite is considered to be very late 
diagenetic and to be precipitated directly from Mg-enriched 
solutions in the pores and cavities, in a similar way to the 
~ormation of sparry calcite cement. This dolomite is similar 
in shape and distribution to the latter cement. The sharp 
contacts with the neighbouring crystals and the protrusive 
nature of thedolomite crystals when the rocks are etched 
with diluted HCl acid are considered to be evidence in favour 
of this theory. 
V SILICA IN THE QAMCHUQA ROCKS 
As Ireland (1959) pointed out, sedimentary silica shares 
in the development of authigenic quartz and silicates as well 
as in the clay minerals and many other secondary compounds. 
Forms of silica in carbonates include the precipitation of 
chert, replacement of fossils, encrusting of organisms, the 
~ormation of their skeletal parts as in ~enaceous foramini-
fera, and cementation of particles. 
Silica has been divided by Folk (1950, cited by Pittman 
1959) intg two major types: 
(1) Microquartz which includes chalcedonic quartz'and micro-
crystalline quartz. 
(il) Megaquartz: This type includes drusy quartz, quartz over-
growth, geodoquartz and authigenic quartz. 
Silica in the Qamchuqa is not very common but it is varied 
and interesting. Some of them also, have an environmental 
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importance. The most common types are: 
(1) Chalcedonic Quartz: (Plate 24A): Folk and Weaver (1952) 
introduced this term to indicate a chert variety which is 
made up of radiating fibres only few microns in diameter and 
up to several hundred microns in length. Pittman (1959) -
however, found by examination of some of this silica type 
that the fibrous nature is an illusion. 
Folk ~ a1. (1971) called attention to the importance of 
a variety of cha1cedonic quartz called tl1ength-s1ow chalcedony". 
From the literature and examination of several hundred lime-
stone thin sections, Folk noticed that this silica type is 
closely associated with indications of evaporites. The two 
important silica minerals in this type are quartzine and 1utecite. 
Both of them are fibrous in nature and have a radial orientation. 
According to him, this type of si1ification is characterisitc 
of highly basic or sulphate-rich environments. It is most 
common in shallow marine, or playa-lakes in an arid area, or 
evaporitic environments such as the sabkha environment. It 
is usually associated with supratidal dolomite, nodular 
anhydrite and gypsum. Consequently, in an evaporitic environ-
ment, chalcedony is a length-slow type and this can be checked 
by the insertion of mica or quartz wedge. In a non-evaporitic 
environment, chalcedony tends to be length-fast, because 
"chains of polymerized silica tend to lie down tangentially 
on the accumulating surface, to produce a more gel-like 
precipitate with a tangential c-axis" (Folk 1911, p.1056). 
Length-slow chalcedony occurs as cavity-fillings, or as 





Well-developed, length-slow chalcedony 
spherulites replacing patches of granular 
mosaic anhydrite which is in turn replace 
crinoidal mUdstone. This replacement 
supports the suggestion that length-slow 
chalcedony is an indirect indication of 
evaporitic conditions. Bai Hassan Well 
No. 16, core 28, interval 6407-6453 ft. 
(1952.9-1966.9m), polarized light X 17.5. 
Large rosette quartz, a rare and unusual 
variety of secondary silica in limestone. 
This silica is considered as a further ~tep 
in the growth of length-slow chalcedony. The 
fibres of spherulites shown inCA) are believed 
to have grown to form the "leaves~ of the 
rosette-silica. The matrix is dolomitized 
mUdstone. Kirkuk 130, core 19, depth 4005 ~t. 






(1974) considered the length-slow chalcedony to be an indi-
cation of a hypersaline environment. Siedlecka (1972) 
described some varieties of length-slow chalcedony and also 
suggested an evaporitic environment. 
In the thin sections studied from the Qamchuqa rocks, 
the length-slow chalcedony is composed of spherulites, which 
are made up of fibrous, brown quartz. These spherulites 
replace either anhydrite (Plate 24A) or carbonate. The 
fibres are very thin, only a few microns in width, but they 
are relatively long and well developed. This chalcedony 
has been checked by the insertion of a quartz wedge and found 
to be the length-slow variety. The association of this 
chalcedony with anhydrite, which was in turn replacing 
crinoidal limestone, supports Folk's idea about the develop-
ment of this type in supratidal conditions. 
(2) Rosette Quartz: An unusual structure of quartz has been 
recognized in the Qamchuqa rocks. This is termed rosette 
quartz because of its rose-shaped appearance (Plate 24B). 
This silica is believed to have evolved from the chalcedonic 
spherulite fibres of the above type and probably has a Similar 
environmental implication to that of length-slow chalcedony. 
(3) Drusy Quartz: (Plate 25A): This type of silica is very 
similar to granular mosaic calcite. Grains are polygonal, 
longitudinal and sometimes with sutured boundaries. They 
are variable in size also but most of them are many millimetres 
in length. Under reflected light, these grains are transparent 
to slightly brown. The boundaries between them were filled 





Nell-developed granular mosaic silica. Tbe 
megas copic appearance of the rock is similar 
to nodular anhydrite, which may suggest tba 
this silica is replacing nodular anhydrite 
• 
Kirkuk Well No. 130, core 23, depth 4086 f . 
(1245.4m), polarized light X 14. 
Small fragment s of stromatolies , completel 
replaced by silica . This replacement 
preserves most of the internal structure 
of the stromatolite . Kirkuk Well 130, 
Core 41 , depth 4960 ft. (15ll.8m), 
polarized light X 140. 
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so similar to nodular anhydrite that it misled the rig geologist 
who described it as nodular anhydrite. This may suggest 
that the silica was a replacement of nodular anhydrite • 
. . Three different occurrences of drusy quartz have been 
found: 
(i) Megascopic fillings of some fractures and cavities • 
. The silica is whit e in colour and very similar in 
appearance to sparry calcite. Under the reflected 
. light, this type has similar features to nodular 
anhydrite. 
(ii) Microscopic replacement of limestone, dolomit ic limestone 
or anhydrite with gr¥.ular, mosaic sil·ica. The grains 
are well developed, with straight, sharp boundaries. 
(Plate 25A). 
(iii)Intergrowth of neomorphic spar, dolomite, anhydrite and 
silica (Plate 21A). All these minerals are in the form 
of large, interlocking grains with sharp boundaries. 
(4) Fossils Replacement by Silica (Plate 25B): this type is 
relatively rare compared to the above types. In thin sections 
'". 
studied from Kirkuk Well-130, some biological components were 
replaced by silica. As in (Plate 25B), the silica replaced 
algal or stromatolite fragments. The silica preserves the 
detail~ of microstructure, where it consists of differently 
.' 
shaded brown bands. 
The Boundary Between Silica and Host Rocks: 
p~ttman (1959) found that the contact between silica and 
host rocks, whether they are carbonate or evaporite, is irregular 
with many undigested carbonate grains included in the silica. 
On the contrary, boundary between silica and the host rock 1s 
very sharp and nearly straight in the Qamchuqa rocks. In 
some cases the silica has broken down and separated from 
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t he host rock during the prepar~tion of thin section. 
Pittman (1959) also noticed the weakness of the silica-host 
rock contact and attributed it to the difference in permea-
bility between the silica and the host rocks. Bince, it is 
difficult for the solution to pass through the impermeable 
chert, it is probable that the solution passes along the 
contact between the two. The sharp boundaries between silica 
and evaporite, as shown in (Plate 24A), may suggest that the 
silica started preCipitating in the pores, caves, fractures 
and then continued to replace the evaporite or carbonate 
itself. 
Origin: 
Many theories have been advanced to explain the origin 
of silica in sediments, some of these theories originated as 
early as 1888, when Prestwitch advanced the organic theory. 
He suggested that most of the chert in sediments is the 
remains of sponge tissues and spicules. On the other hand, 
Tarr and Twenhofel (1932) suggested an inorganic origin by 
direct precipitation from sea water. They suggested that 
silica is usually supplied to the sea by rivers and streams 
in the form of hydrophylic colloid. By flocculation of these 
colloids by strong electrolites, silica will precipitate, 
especially near the mouth of rivers and streams. Some of 
this silica also may be transported to the deeper parts of 
the sea, which may then form concentric chert nodules. This 
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theory raised many objections and was found to be difficult 
to accept (see Pittman 1959). 
Fischer (1953), Emery and Rittenberg (1952) re-introduced 
the replacement theory as an explanation for the presence of 
silica. 
There are many indications supporting the secondary, 
replacement origin of the silica in the Qamchuqa rocks, as 
explained earlier. The source of silica in the formation 
may be from the followirg two probable sources: 
(1) The contribution of the biological components of the 
sediments, such as sponge spicules, and Qrbitolina which are 
found to contain up to 8% of 5i02• 
(2) The partial correlation of some Qamchuqa formations with 
the Qulqula formation in the north-eastern part of Iraq. This 
formation is made up of chert and radiolarian limestone. 
" According to Pittman (1959), as the silica-bearing fossils 
were buried, they . attain~equ1librium with the water 
trapped in sediments. Any increase in the pH, according to 
\ 
Rankama and Sahama (1950), will increase the solubility of 
silica and decrease that of calcite. Thus, when silica 
, dissolves, calcite precipitates, and conversely, when silica 
precipitates calcite will dissolve, leaving washed out pores 
and spaces. This may explain the sharp boundaries between the. 




VI STYLOLITE DEVELOPMENT IN THE QAMCHUQA GROUP: 
Kloden (1828) considered the stylolites as a fossil 
called "Stylolites sulcatus". He also was the first to 
introduce the term stylolite from the Greek word "stylos" 
which means pillar or column and "lithos" which means 
"stone". Stylolites have also been calle d epsomite, 
crystallite, toenail, devil's toenail, crow foot, lignite 
etc. They are considered nowadays as structural deformation 
features. 
In 1868 Marsh introduced what has been called later the 
contraction-pressure theory to explain the mode of formation 
of these features. Wagner (1913) introduced a new theory 
known now as the pressure-solution theory. These theories 
were associated with the search for theories which might 
explain the deformation features of the earth in general, and 
Wagner's hypothesis was introduced with the continental drift 
theory. 
Manten (1966) defined stylolites as "complicated zig-
zag structures". Bathurst (1975b) defined them as a "complex 
interface between two rock masses having a number of roughly 
columnar or finger-like extensions which fit between the 
opposed columnar extensions of the opposite mass". 
Although stylolites are most common in limestone, they 
have been described from sandstone (Sloss and Feray 1948) and 
gypsum, anhydrite and halite (Bushinskiy 1961) and many other 
rock types. Stylolites are also variable in size, ranging 




The amplitude of the stylolites differs from one to 
Glover (1968) described a small stylolite {1-5)mm 
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in amplitude from limestone, but he claims that this type 
of stY.101ite is not common in dolomitic rocks. This small 
type is found in both limestone and dolomitic limestone of 
the Qamchuqa rocks. Bathurst (1975b) mentioned that the greatest 
amplitude he sa~ is 1 metre, from the Carboniferous limestone 
of Yorkshire. The amplitude of a stylolite usually gives 
the minimum thickness of reduction. 
The stylolites need a certain amount of pressure to be 
formed. This pressure may be represented by overburden, under 
which they develop. According to Bushinskiy (1961), the 
stylolites should start to appear below 90m of overburden. 
Dunnington (1967) suggested 600-900 m of overburden, although 
he found some stylolitic limestone under 300 m of overburden. 
However, depth is not the only controlling factor and not 
each limestone formation buried under 600m should show 
stylolitization. 
The importance of stylolitization as a volume-reduction 
process bas been recognized only recently. In fact, stylolites 
may cause more deformation than folding and faulting (Dunnington 
1967). Volume reduction between 13-34% has been recorded by 
Stockdale (1926) from Lower Mississippian limestone of the 
United States. Glover (1968) encountered different reductions 
'of volume into two groups of rocks, between 10-20% in dolomitic 
limestone and 30-50% in other types of limestone. Ramsden 
(19'52) suggested that, if 40% volume reduction could be caused 
by stylolites, this will mean a 40% liberation of liquid entrapped 
within the rocks. This indicates the importance of stylolites 
in porosity development and oil migration. In the meantime, 
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the dissolving of this huge amount of rock should be compensated 
by the deposition of some of it in nearby pores, vugs and 
~ractures. Dunnington (1967) suggested that the percentage 
thinning of a sty1o1itized unit should be related to the 
average porosity before and after stylolitization according 
to the following formula: 
Po = T + Pe 
where 
Po = original porosity 
T • Fe 
100 
T = The percentage thinning of the unit 
Fe = The present porosity of the unit 
Park and Schott (1968a) found the explanation is not 
fully satisfactory, because in most cases more limestone has 
been dissolved than could have been precipitated in the adja-
cent pore spaces. 
Origin of Stylolites: 
The origin of stylolites will be discussed from sedimen-
tological point of vie'N. Stylolite origin is one of the maj or 
controversies in the history of sedimentology. Workers are 
divided into two groups, the pressure-solution theory adherents 
(Stockdalian) and t~,contraction-pressure theory adherents 
(Shaubian). Prokopovich (1952) tried to find a middle way 
between the two theories, but unfortunately-the theory he 
introduced was vague and it cannot stand real application. 
(A) The Solution-Pressure Theory: 
This theory was introduced first by Wagner (1913). 
Stockdale (1922, 1926, 1943) defended and discussed the 
solution-pressure theory to the degree that it has been 
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associated with his name. Rigby (1953) found some transverse 
stylolites developing at a high angle to the stratification 
and he concluded that stylolites could be late and secondary 
in oriBin. Dunnington (1954) in a very inspiring article, 
defended Stockdale's theory and in all his works (l953, 1967) 
Dunnington continued to give supporting data to the theory. 
Dunnington (1954) found that 79.8% out of the 15,569 stylo-
litic seams he examined from the Carboniferous to the Miocene 
of northern Iraq, were formed after lithification, and a 
similar origin cannot be excluded from the remainder. 
Brown (1959) using petrofabric methods, noticed that 
some stylolites contain quartz grains, 50-500 microns in 
size, without any clay concentration. The crystals of this 
quartz were more or less perfectly idiomorphic, with many of 
them showing a small nucleus of detrital quartz around which 
this quartz has developed. Many relict grains of calcite 
occur as inclusions and also the C-crystallographic axes of 
the crystals are aligned parallel to subparallel to the 
stylolite seams. Accordingly, he concluded that, in order 
for this quartz to develop, there must have been solution 
and recrystallization along the line of stylolite. Secondly, 
to establish such an orientation to the quartz grains, a force 
was operating during the growth of the crystals. Consequently, 
the stylolites were developed after the induration of the rock 
since authigenic quartz is a post-induration phenomenon. 
Other supporters of this theory include, Manten (1966), Bathurst 
(1975b ), Bushinskiy (1961), Park and Schott (1968a and b) and 
Pettijohn (1957). 
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According to Dunnington (1953), this theory holds that 
stylolites form by interpenetration of the already indurated 
rocks across some parting or plane of weakness and solution 
of the rocks. According to Riecke's principles, the 
solubility of a rock at points of increased pressure is 
relatively higher than its solubility in the surrounding 
water at the ambient hydrostatic pressure. The columnar 
form of the stylolites should result from the concentration 
of pressure at the peaks, and with increments of pressure, 
solution and penetration increase. The effective pressure 
may be a vertical pressure resulting from the overburden, 
or inclined due to the resultant of both tectonic and over-
burden pressure or horizontal due to the tectonic pressure 
only. Accordingly, the stylolites will be either parallel, 
inclined or reverse in type. The dark clayey materials at 
the cap of the stylolites are considered as the insoluble 
residue of the host rocks. Some dolomite crystals also were 
noticed on the cap of the stylolites by Glover (1968). Some 
of the stylolitic seams in the Qamchuqa are followed by 
dolomite rhombs along the whole length of the seam • 
. ; ... (B) Contraction-Pressure Theory: 
Although Shaub is considered as the developer of this 
theory, it is in fact a very old theory, and represents the 
-) .' 
first stages in thinking about the geological deformation of 
the earth's crust. 
Marsh (1868) introduced the theory for the first time. 
Through a series of papers (1939, 1949) Shaub defended this 
theory, modernized it and tried to apply it to the associated 
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geological problems. 
The theory was introduced independantly by Teodorovich 
(1955) and became known as the "karst hypothesis" in the 
U.S.S.R. Most of the Soviet geologists believed in it. 
Rybakov (1959 cited by Bushinskiy (1961)), suggested that 
stylolites are not the result of secondary processes but 
are formed during the deposition of sediments. Another 
Soviet geologist Chentsov (1959 cited by Bushinskiy (1961)), 
suggested that oxidation and alteration of organic matter 
were causes of stylolitization. On the contrary, no signi-
ficant published work has been introduced in America or 
Europe in favour of this theory, and Shaub continued to be 
the lonely defender of the hypothesis. 
According to Shaub (1949), stylolites are depositional 
features and formed by the deposition of alternation of clay 
and lime mud, followed by compaction and conse~uent expulsion 
of connate water from the lime mud. This upward migrating 
water finds the way blocked by an impermeable layer of clay, 
while the lime mud that has peen deposited on the top of the 
clay has been dried earlier. The resultant will be an upper 
dry mud with built-in tension caused by the presence of dry 
with wet lime mud below. This tension can be discharged by 
uprushes of the underlying soft, wet mud entering the localized 
reduced pressure zone in the over-lying bed caused by the 
contraction forces in the base of the overlying bed. Then 
~prushing lime mud carries with it the intercalated clay 
band thus forming the clay layer of stylolites. 
Dunnington (1953, 1954) discounted in detail Shaub"s' 
evidences and found most of them to be false criteria. 
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(c) Subaqueous Solution Theory: 
Prokopovich (1952) during the period of mximum conflict 
between Stockdale and Shaub introduced the Subaqueous Solution 
theory as a midway alternative between the above mentioned 
theories. This compromise theory relates the formation of 
stylolites to the solution of newly deposited calcareous materials 
before lithification. Prokopovich (1952) suggested that during 
deposition of lime mud on the sea floor, solution of this 
already deposited mater1al, will lead to the formation of 
an irregular surface at the top with pinnacles and depressions. 
These irregular surfaces will be filled by the deposition of 
clayey, solution-residues materials. This will be followed 
by the deposition of new lime mud and so the process will 
happen again. 
The theory, as one can easily recognize, is very vague 
and failed to gain any support at all. Strong objections and 
criticisms have been published against the theory by Dunnington 
(1953, 1954) and Manten (1966). 
Classification of Stylolites. 
The classification of stylolites, in contrast to the 
theories of their origin is very recent and still mostly 
descriptive. Classifications have been suggested by Bushinskiy 
(1961), Park and Schott (1968a). Both of these classifications 
are;more or less similar .and depend on subdivision of stylolites 
according to their shape into suture type, hummocky, rectangular 
etc. 
Logan and Semeniuk (1976) compiled these descriptive 
classifications. Logan and Semeniuk's (1976) classification and 
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method of studying stylolites have been ad~pted here, with 
the addition of new closed-type stylolite encountered in 
the Qamchuqa rocks. 
(A) Types of stylolites in the Qamchuqa group: 
According to Logan and Semeniuk (1976) classification, 
the following types of stylolites occur in the Qamchuqa 
rocks: 
(i) Irregular stylolites (Plate 26A): t'his type is 
sometimes described as suture type or even wave-like 
stylolites. It is the most common type in the Qamchuqa 
rocks. These" stylolites vary in size from microscopiC 
to several centimetres in length. 
(ii) Hummocky type or sometimes parastylolite; i:t has 
the shape of hummocks or projections, some of them are 
1-8 cm in height, but other are microscopic. 
(iii) Semi-closed-type stylolites: this is a very odd 
type of stylolites which has not been described elsewhere. 
This type is microscopiC and consists of semi-circular, 
irregular stylolite type. The pressure which caused 
this stylolite seam should be variable in direction, Se.e. 
Plate (27A). 
(B) Types of stylolites sets in the Qamchuqa group: 
By the application of the Logan and Semeniuk classification 
(1976) the following sets have been recognized: 
(1) Irregular Anastomosing sets (Plate 28): in which 
the stylolites cross each other at variable, low angles 





Parallel sets of simple wave-type stylolite • 
These sets are usually parallel to the 
bedding plane and result from vertical 
overburden perpendicular on the bedding. 
Kirkuk Well 130, core 19, depth 3995 ft. 
(1217.7m) , polarized light , X 14. 
ave-like stylolite : t his is a more advane 
type and is believed to be evolved from 
those shown on (A). B i Has san ell 16, 
core 27 , interval 6357-6407 ft. (1937.6-
1952 . 9m) , polarized light, X 17.5. 
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Fl te 6 
7 ery irregul ar and semi-closed-type 
t lolite veams . This is an advanced 
'pe of stylolite , which indicates 
complic' ted st re ss a nd deformation . 
~he closed-type is probably a cross 
s c 'on through the peak of stylolit e. 
y rk ~ I ell o . 1]0 , core 42 , depth 
92 ft . (152l . 6m) , pol' rized light, X 14. 
o 'te e m cut ting through a molluscan 
r ment . The shell fragment has 
n olv e d out nd repla ced by sparry 
c c c m n . This sugg ests that 
e . r ost-induration fea.ture. 
o . 109 , int erval (5640-45 ft . 
. 1-1720 . 6m) , ordin ry light , X 35. 
249 




Plate 28: Idens-supported fabric: The idens are 
echinoderms or crinoids in contact at 
certain pOints with each other and 
separated by stylolite seams. Bai 
Hassan 'Nell No . 16, core 26, interval 
6329-6357 ft. (1929.l-l937.6m). 
251 
Flate 28 
(ii) Parallel sets (Plate 26A): In this set, .the 
stylolites are more or less parallel to each other 
and they are in turn parallel to the bedding plane • 
252 
. This type, the most common type in the Qamchuqa rocks, 
are believed to be formed by overburden pressure 
perpendicular to the bedding plane. 
(c) Stylocumulate of the Qamchuqa group: 
Stylocumulate is defined as the insoluble residue 
accumulated in the stylolite seams by the solution of the 
host rocks. The stylocumulate depends greatly on the original 
mineralogy of the rocks. The Qamchuqa rocks stylocumulates 
are variable in composition and include, clay minerals, 
quartz, hydrocarbons and dolomite. 
(D) Reactate of the Qamchuqa stylolites: 
The reactates are the materials that have been crystallized 
at the stylolite interface, under the pressure-temperature 
conditions of pressure solution. Reactates in the Qamchuqa 
include anhydrite, small rhombs of dolomite and secondary 
calcite. The anhydrite is assumed to be late diagenetic 
and can be seen on a large scale in the fractures, also 
calcite which precipitated as minute crystals. Dolomite 
formed in the stylolite seams by react~on between Mg+2, Ca+2 
and HCO) at the pressure solution interfaces (Plate 29A). 
(E) Fabrics of the Qamchuqa rocks resulted from stylolites: 
. Logan and Semeniuk (1976) introduced the term "iden" to 
signify any body tha.t behaves as a statistically homogeneous 
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Plate 29A : 
Plate 29B: 
Medium-generation dolomite forming along 
the stylolite seams whic h provide channe 
for the ions and water necessary for the 
completion of the process. Jambur 'VeIl 2 
interval 10431-10433.9 ft. (3179.4-3180. 
polarized light, X 14. 
Condensed-fabric' : Idens of Orbit olina i 
intact texture. The Orbitolina are 
separated from each other by stylolites 
which are filled with clay materials . 
Kirkuk 'Nell No. 109, interval 4655-60 f 






entity to physical or chemical stimuli. The term is 
derived from Latin: (ide,) which means similar, or the 
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same, and (ens) which means entity. Idens in sedimentology 
are an oolite, pellet, b:ioclast, lithoclast etc. Accordingly 
the fabrics have been divided into several types depending 
on the relation of each iden to the other. The following 
fabrics have been found in the Qamchuqa rocks: 
(i) Iden - Supported fabric (Plate 28): This fabric 
is characterized by a supporting framework of idens 
arranged in contact at points (Logan and Semeniuk 1976). 
This fabric is equivalent to the sedimentological terms, 
grainstone and rudstone (see chapter 3). In the 
Qamchuqa rocks, the iden is either rudists shell frag-
ment, Orbitolina or evenapellet. 
(ii) Condensed-fabric (Plate 29B): The idens in this 
fabric are in contact along each other. The degree of 
packing is closer than the previous type. The most 
common condensed fabric in the Qamchuqa rock is the 
fabric in which Orbitolina spp. are condensed very 
tightly and are separated by thin seams of stylolites. 
(F) Structures resulting from stylolites in the Qamchuqa rocks 
Stylolites sometimes cause the formation of peculiar 
structures to be associated with them. These structures 
result from the relations between stylolites, host-rock 
idens, stylocumulate and reactate. The following structural 
features have been found in the Qamchuqa rocks: 
(i) Stylolamination: This structure results from 
parallel stylolite sets which give the false appearance 
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of bedding. The beds resulting from stylolites are 
variable in size, ranging from microscopic size (Flate 
26A) to several metres thick as in some of the outcrops. 
The stylobedding may be parallel to the sedimentary 
bedding or oblique to it. 
(ii) Stylonodular structure (Plate 28): This structure 
is characterized by the presence of lensoid, or nodular 
to rounded idens, which are separated from each other by 
stylolites. The length of these idens is variable from 
microscopic to many centimetres. The idens may have a 
different composition and origin for they may be fossils, 
bioclasts or lithoclasts. The idens are thought to be 
more resistant to solution than the. surrounding rocks. 
(s) Origin of Qamchuqa stylolites: 
The pressure-solution theory was introduced by H.V. 
Dunnington (1953, 1954) to explain the origin of stylolites 
of Iraq in general including those from the Middle-Lower 
Cretaceous rocks of the Qamchuqa group. There are several 
lines of evidences in favour of this theory. These include: 
(1) In biomudstone from Kirkuk well-109 (Plate 27B) a 
stylolite seam cuts a shell fragment, which has been 
replaced by sparry calcite cement. Most workers agree 
(e.g. Bathurst 1975a) that this cement is of late 
diagenetic origin. Accordingly, the stylolite seam 
is younger than the late sparite cement. Thus, these 
stylolites are not depositional features as suggested 
by the pressure-contraction theory of Shaub. 
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(ii) The presence of irregular sets of stylolites in 
which stylolite seams vut each other at different 
angles. This occurrence is in contradiction . to the 
primary origin suggested by Shaub (1949) or Prokopovich 
(1952) • 
(iii) In some cases stylolite seams cut through allochems 
such as oolites or Orbitolina. 
In summary, the stylolites of the Qamchuqa group complicate 
the diagenetic features of the rocks because they are associated 
with additional structures and fabrics. Their origin is 
believed to be due to pressure-solution. The stylolites are 
also an important feature affecting porosity in the formati.on 
and this is discussed below. 
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VII POROSITY 
Carbonate rocks are important reservoirs of oil and 
according to Choquette and Pray (1910) they contain half of the 
world oil reserves. Although carbonate rocks generally have 
low primary porosities, they owe their high productivity to 
late diagenetic processes such as dolomitization, solution 
etc. 
It has been agreed that dolomitization generally increases 
porosity. According to Chilingar et ale (1912) the Ca/Mg 
ratio is a very important indication of the decrease or 
increase of por'osity in carbonates. Wendte et ale (1971) 
pOinted out that early stage dolomitization may preserve the 
porosity by forming a rigid framework, preventing compaction 
or at least decreasing its amount. Beal~ ~ ale (1911) found 
that the coarse granular sparry dolomite may suggest an 
indication of a sustained porosity, whilst Wendte ~!!:l. (1977) 
suggested that secondary porosity may be formed due to the 
circulation of fluid under deep burial conditions, or by 
incomplete carbonate cementation (Loucks 1977). 
Porosity, in general, has been divided by Choquette and 
Pray (1970) into primary porosity or the porosity inherited 
with the depositions of the sediments. This occurs as inter-
particle pores or intraparticle structures, as in reefal lime-
stone. Choquette and Traut (1963) found that the highest 
primary porosity can be found in grain-supported algal rocks, 
while Keith (1977) described a relatively coarse pore system 
f~om Orbitolina - molluscan grains~one, which is assumed to 
be primary. Lloyd (1977) studied a pelagic limestone which 
retained a significant poros~ty until the late stage of 
diagenesis. 
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The second type of porosity is called "secondary", 
"diagenetic" or selective porosity, which is formed mostly 
by selective solution of some of the less stable minerals 
such as aragonite, or by the process of" dolomitization. 
Achauer (1977) found that most of the porosity in shelf 
margin reefs depends on the secondary processes, such as 
dolomitization, fracturing or dissolution. 
Porosity Types of the Qamchuqa Group: 
The comprehensive classification of Choquette and 
Pray (1970) as modified by Fuchtbauer (1974) will be used 
here to describe and classify the different porosity types 
in the Qamchuqa rocks (Figure 17). 
The Qamchuqa rocks in the subsurface section of Jambur 
oilfield, and in many of the exposures show relatively high 
porosities of widely varied types, where they serve as the 
main Cretaceous productive zone of oil in the area. 
Rock examination and thin sectionsanalysis of samples 
from both surface and the subsurface showed the following types: 
1. Interparticle Porosity (Plate l6B, and Al in Figure 17): 
This is represented by voids and vugs between the grains, that 
are not filled by cement or dolomite. It is most common in 
the Orbitolina-rudists rudstone of Jambur oilfield. It has 
been assumed that the early .generation of oil may have lined 
these pores with a thin oily layer and consequently prevented 
any further chemical reactions or cementation. This porosity 
--"--,"",? . 
B2 
Fig.17:- Classification of pores as modified 
from Choquette & Pray (1970) 
by Fuchtbauer (1974) 
type is not very common in the Qamchuqa due to the high 
degree of cementation and other diagenetic effects. 
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2. Intraparticle Chamber Pores (A2a and A2b in Figure 17): 
These are openings within the skeleton of the biological com-
ponents, such as corals, rudists or Orbitolina. Because of 
the sponge-like structure of the skeleton of some rudists, 
many of them act as sponges soaked with oil (Plate 3DA). 
This type is most common in Jambur oilfield and eastern 
Kirkuk wells. 
~ 
3. Intraparticle M~d Pores (Plate 4 and A2c in Figure 17): 
They usually form by the partial solution of biologicaL 
components such as hydrozoans, mollus~, or lithological 
components such as oolites, oncolites, or even dolomite 
and anhydrite crystals (Plate 23B). This type of porosity 
is very common in the unrecrystallized parts of the formations, 
and especially in the eastern Kirkuk field. 
4. Fenestral Shelter Pores (A3b in Figure 11): This type 
is usually formed by sheltering by relatively large biological 
components such as shell fragments (Plate 9B). Here, the 
shell prevents the filling of the nearby pores by cement, or 
by fine particles. This type is most common in the rud1st-
bearing rocks of the formation. 
5. Intercrystall1ne pores (A4 in Figure 11): This is the 
most important type of porosity in the Qamchuqa. It is secondary 
in origin 'and associated with dolomitization. This type is 
formed by the many different processes of dolomitization, 
especially when the solution of the limestone exceeds the 
formation rate of dolomite, thus leaving pores between the 
Plate 30A: 
Plate 30B: 
Int~dparticle porosity: very. wide pores 
and canals in rudist shell fragments. 
When not filled with sparry calcite, 
these rudist fragments represent a major 
porosity type. Kirkuk Well 130, core 18, 
depth 3960 ft. (1207.02m), polarized light 
X 44. 
Natural c~ve , man-sized, probably formed 
by running subsurface water. Sefin-Dagh 
mountain, Shaqlawa. 
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rhombs. It has been generally agreed that dolomitization 
bings an increase of about 13% porosity to the carbonates, 
(Fuchtbauer 1974). This type is very common in the dolo-
mitized intervals in the whole of the formation, which form 
the main productive zone in Jambur oilfield (Plate 22B). 
6. Fractures (Plate 18A and B4 in Figure 17): According to 
Fuchtbauer (1974) fractures may form by many different ways, 
such as; collapse due to solution, slumping, tectonic defor-
mation, and many other causes. Fractures are common in the 
exposure areas, such as Shaqlawa and Geli Ali Beg, where they 
have been widened by solution. In the Jambur subsurface 
section, they are mostly filled with secondary calcite. 
Handin and Hager (1957) suggested that dolomite is more 
susceptible to fracturing than limestones because it is more 
brittle under undirectional pressure. Fractures sometimes 
produce disadvantages, causing severe mud-loss during drilling. 
However, they contribute highly to the productivity of the 
formation, especially in the lagoonal, compact mudstone in 
some intervals. 
7. Stylolites: Stylolites are important porosity factors 
in the subsurface section. Their contribution to oil migration 
and accumulation bas been discussed by Dunnington (1967). Oil-
'bearing stylolites are common in the Jambur field (see Stylolites, 
earlier in this chapter). 
8. Caver~(B2 in Figure 17): Theseara,man-sized, natural 
caves. They are common in some of the Qamchuqa exposure areas, 
and . Plate 30B shows a natural cavern in Sefin-Dagh mountain 
near Shaqlawa. They have no economic application and they are 







GEOCHEMISTRY OF THE QAMCHUQA GROUP 
The chemical properties of the Qamchuqa rocks have been 
investigated to elucidate their variation with different 
environmental conditions or diagenetic processes which the 
rocks underwent. Only those elements which are found to be 
correlated with the environment of deposition or diagenesis 
are discussed here. 
Samples have been chosen to represent, as much as possible 
the different lithologies and preferably-the whole vertical 
sections of the well or an outcrop. Unfortunately, this was 
limited by the special nature of the well samples, as these 
are expensive and not always availllble, depending on the 
core~recovery, storage etc. 
Whole sections at variable intervals, depending on 
lithological changes, have been analysed from Bai Hassan well 
No. 13, Jambur Well No. 20, and Kirkuk Well No. 117, and 
also Sefin-Dagh mountain outcrops, near Shaqlawa town. 
Partial sections have been analysed from Kirkuk Well No. 109, 
and Bai Hassan Well No. 16. 
Wells, such as Kirkuk-117 and Bai Hassan-16, were chosen 
to represent the lagoonal side of the shelf. Some contain 
anhydrite horizons, whereas, Bai Hassan 13 and Kirkuk 109 
represent the middle or the neritic division of the shelf. 
Jambur 20 is considered to be the fore-slope of the shelf. 
All the samples have been analysed for CaO, 1-.1:g0, K20, 
Na20, Ti02 , A1203, Fe203, strontium and sulphate, in addition 
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to the insoluble residues. 
Techniques: 
Two samples from the Qamchuqa have been analysed twice 
by the Pye Unicam sp. 90 Atomic Absorption Spectrometer. 
These two samples were chosen to represent the extremely 
dolomitic rock type, and the nearly pure limestone. Six 
spikes were made from each of these two samples by mixing with 
a rational amount from one of the International Standards 
of the American Geological survey (NIM G). Then, the 
composition of each spike was calculated, and considered 
as the standard for the other samples. 
About 70 samples have been analysed by the Phillips 
P3 1212 Automatic x-Ray Flourescence Spectrometer for CaO, 
MgO, Na20, K20, Fe203 (as total irons) and A1203• As a 
double check, some of these samples have been analysed by 
the pye Unicam sp 90 Atomic Absorption equipment for CaO, 
MgO, using the Geochemistry Laboratory method, while Na20 
and K20 were r~-checked using the EEL. Flame Photometer. 
Fe203
, A1203 and sulphate were re-analysed by the Pye Unicam 
sp 30 Spectrophotometer. Strontium was determined by the 
pye-Unicam sp 90 Atomic Absorption machine using a method 
developed in the laboratory and tested by three international 
standards (NIM-N), (JB-l) and (BR). 
Analysis results, with sample numbers, their stratigraphic 
positions ~nd lithologies are given in appendices (1 and 2). 
Calculation: 
For each of the most common elements in the samples, an 
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average mean and standard deviation has been calculated by a 
desk calculator. A variation coefficient for each of these 
elements has also been calculated, using the Veizer et ale 
(1971) coefficient, namely, 




The correlation coefficient between any pair of elements 
has been calculated, to give some environmental or diagenetic 
indication, using the formula: 




r = correlation coefficient 
x,y = the two elements concerned. 
n = the number of the analysed samples 
The estimated regression line between two elements (x,y) 
are computed from the equation: 
Yi = b. Xi + (y - b.r) 
where Yi is used to distinguish between the observed and 
predicted values. 





A histogram also has been constructed for the most common 
elements and graphs showing the relation between each pair of 
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the useful elements have been plotted. 
Methods of Study: 
Wolf ~ ale (1967) suggested that the chemistry of 
carbonate sediments can be treated in 4 separate fields of 
research: 
(1) The solid-solutions or isomorphisms of carbonate minerals, 
which are present in the studied rocks. The following are the 
most common isomorphisms which are believed to be present in 
the Qamchuqa rocks: 
Aragonite (CaC03 ) Present at deposition 
Calcite (CaC03) 
Dolomite (Ca Mg) (C03 )2 
Magnesite (MgC°3 ) 
With the probable trace occurrences of 
Strontianite 
Siderite 
the time of 
only. 
(2) Trace elements or those elements which are present in 
minor quantity but have an environmental importance. These 
elements are different from place to place, and should be 
treated with extreme caution, due to thevariable sources 
of these elements and their complicated chemistry. The 
most important trace elements in the Qamchuqa rocks are 
strontium, aluminium, potassium, iron, titanium and sulphates. 
(3) Fluid inclusions in carbonates: Shoji and Folk (1964) 
described some fluid inclusions from calcite examined under 
the electron microscope. Some inclusions have been noticed 
in dolomite rhombs of the Qamchuqa but no further studies 
have been done. 
2~ 
(4) Non-Carbonate components: The non-carbonate components 
include the organic materials such as algal filaments, hydro-
zoans, and insoluble residues such as clay minerals, silica, 
anhydrite and pyrite. 
The non-carbonate components also depend on the source 
sediments. From areas of igneous and metamorphic outcrops, 
Graf (1960) listed minerals like zeolite, barite, sphene, 
quartz, micas, feldspar etc. 
The clay minerals play an important role in the absorption 
and expulsion of trace elements in limestone. Ions like 
S + K+ N + B+ b b d d i t d °th O h r, , a, are a sor e an ncorpora e w~ ~n t e 
lattice of clay minerals. When strontium-rich aragonite 
inverts into calcite, some of the strontium will be freed 
from the carbonates and absorbed by clay minerals. 
The most common non-carbonate components in the Qamchuqa 
rocks are clay minerals, mainly from the kaolinite and illite 
groups. Others include anhydrite, pyrite and silica. Organic 
materials, such as algal filaments, are common also. 
I Carbonate Isomorphisms: 
(a) Aragonite and Calcite 
Calcite is the rhombohedral form of calcium carbonate, 
with specific gravity of 2.710. The crystal structure is 
similar to thedistorted 'NaCI-type lattice. The octahedral 
distribution of cations in the lattice will adopt other 
cations within the radii range of (0.50 - 1.00 AO ) without 
important distortion. Magnesium, manganese, iron etc. all 
fall in this range and this explains the occurrence of 
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minerals like magnesite MgC03' siderite FeC03, and rhodochrosite 
r.~nC03 • 
Aragonite is the orthorhombic equivalent of calcite. It 
is unstable under normal conditions of pressure and tempera-
ture, and usually changes to calcite. The aragonite lattice 
accepts impurities with larger radii more than calcite, such 
as strontium, and this explains, in part, the abundance of 
strontium in aragonite rather than calcite. 
Aragonite is absent from the Qamchuqa rocks at the present 
time, but it is believed that it was present as mudstone, 
precipitated directly from solution or in the skeletons of 
Borne of the biological components. 
The calcium carbonates of the formation is derived by 
one or all of the following sources: 
(1) Direct precipitation: This includes the physcio-
chemical precipitation of calcium carbonate as aragonite 
or calcite from supersaturated solution. According to 
Cloud (1955), 60-75% of the CaC03 in the Bank of West 
of Andros Island was formed by direct precipitation 
from the water. 
Conditions affecting the precipitation of these 
carbonates are variable, but evaporation is the most 
important factor. During hot periods, evaporation 
exceeds precipit~tion, and the sea water becomes 
enriched with calcium carbonate, which will precipi-
tate as aragonite or calcite. Other factors include 
CO2 pressure and its percentage in the atmosphere 
influences the solubility of calcium carbonates. The 
presence of impurities also serve as nuclei on which 
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the calcium carbonate crystals will form. To a less 
extent, precipitation of calcium carbonate is affected 
by salinity, temperature, influx of sea water etc. 
Limestone which is thought to be precipitated directly 
in the Qamchuqa group is most common in the lagoonal 
part of the shelf. This type is represented by feature-
less lime mudstone, mostly free or contains a small 
amount of fauna. The grains are fine in size and are 
often associated with evapor.i,t_es. This period rep-
resented a stable stage in the basin history. Temperature 
was relatively high, especially during the Albian, where 
both the Jawan limestone and evaporites were formed. 
(2) Indirect biochemical precipitation: This is also 
a precipitate of calcium carbonate from sea water due 
mainly to biological influences. 
It has been generally accepted that bacteria have 
a role in precipitation of some calcium carbonates. 
However, neither Bavendamm (1932) nor Thorp (1939) 
found any direct relationship between the two, nor did 
they find a certain species of bacteria which secrete 
calcium carbonate. Furthermore, Cloud (1962) found 
that the only definite effect of bacteria in the 
sediments of the West of Andros Island is the liber-
ation of CO2 which hinders the precipitation of calcium 
carbonate. 
Other factors include algae and other plants which 
make their food by photosynthesis and consequently 
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remove CO2 from the water. This changes the alkalinity 
of the media as described by Williams and Barghoorn (1963) 
from Florida Bay and leads in turn to the precipiation 
of calcium carbonate. 
Blue and green algae from the dasycladacean group 
are common in the Qamchuqa rocks (see facies analysis) 
and they should accelerate the deposition of carbonates. 
(3) Biological Source: All the biological components 
present in the Qamchuqa group are considered to be a 
source of calcium carbonate. After their death and 
burial, fauna which were made up of aragonite would 
transform into calcite, and those made up of high-
magnesian calcite would lose their magnesium, slowly 
changing into low magnesian calcite. Both types 
together contribute to the formation of the present 
day rocks. In order to delineate the influence of the 
biological factor as a contributor to the carbonate in 
the Qamchuqa group, all the main biological components 
will be discussed here (see table 5-1). 
(i) Algae 
Dasycladacean green algae are made up of fine-grained 
aragonite crystals, and these transform into large 
crystals of sparry calcite after burial. In thin 
sections, these algae have a transparent sparry 
appearance and both the thallus and skeleton are 
generally encrusted with aragonite. 
Red algae are made up of aragonite and magnesian 
calcite, with the magnesium content some times up 
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to 30 mole. In thin sections these algae appear to 
consist of very fine-grained crystals. 
(ii) Tintinnids: 
According to Remane (1963) tintinnid wall structure 
is made up originally of aragonite which converts 
into calcite. 
(iii) Orbitolina: 
Hofker (1963) pointed out that the Orbitolina wall 
is made up of two layers, a hyaline layer and a 
microgranular layer. The hyaline layer or the 
epidermis is composed of fine-grained angular 
quartz, according to Douglass (1960a). Hofker 
(1963) however, did not find any traces of quartz 
in the samples he studied and mentioned that the 
epidermis is composad of clear calcite. The micro-
granular layer also is of calcitic composition. 
(iv) Rudists: 
These are made up of cellular prismatic texture 
both of aragonite and calcite. The aragonite is 
dissolved or changed into sparry calcite. 
(v) Echinoderms: 
Their shell is composed of individual calcite crystals 
and in thin sections, echinodermremains appear as 
calcareous plates. 
From the above survey, it becomes obvious that most of 
the fauna is made up of aragonite and calcite, and thus con-
tribute a considerable volume of calcium carbonate. 
Table (5-1) The mineralogy of the most common fossil 
skeletons (After Horowitz and Fotter 1971) 
-
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Aragonite X X X X X X X X X 
Calcite X X X X X X X X X X 
Aragonite + 
? X X X X X calcite 
Vaterite X 
Monohydrocalcite 
(amorphous) X X X 
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The amount of contribution of each of the calcium 
carbonate sources mentioned above can be concluded from 
the nature of the limestone itself. In the lagoonal 
part of the shelf, the most common limestone type is 
the featureless lime mudstone, where the biological 
contribution is less than 10% and direct precipitation, 
whether physico-chemico or induced by oreanisms, forms 
up to 90% of the whole rock. In the slope and fore-slope 
area of the shelf, biological components form up to 90% 
and direct preCipitation may be negligible. 
70 Samples have been analysed for their CaO content. 
The statistical parameters of these analyses are given in 
Table (5-2). 
Table (5-2) Statistical parameters of CaO content in 
the Qamchuqa rocks. 
Total Arithmetic Standard 
Location number of mean deviation analysed 
samples 
Bai Hassan well 
13 18 40.3 4.9 
Jambur Well 20 17 39.8 3.8 
Kirkuk Well 109 10 33.9 6.3 
Sefin Dagh 
outcrops 6 32.2 3.48 
Kirkuk Well 117 9 39.7 3.8 . 
Bai Hassan Well 










The mean content of CaO for all the samples is 39.1%, 
with standard deviation of 5.8 and variation coefficient of 
14.8. The distribution of CaO also has been drawn as a 
,', ' 
histogram (Fig.18). The highest peak is in·the class interval 
(40-45%) which suggests that the majority of the Qamchuqa 
limestone is of the dolomitic to slightly dolomitic type. 
The variation of the CaO content in the samples is attributed 
mainly to the extent of dolomitization process. Other factors 
include, percentage of insoluble reSidue, anhydrite content 
etc. The mean, standard deviation and variation coefficient 
of each of the sampled geographic sections are given in 
table (5-2). The highest CaO content is found in Bai Has\san 
16 and 13, but with a high variation coefficient which indi-
cates that these two sections are composed of a heterogenous 
. '~ 




















..,.;1A = 39·09 
cr-
= 5·77 




N = 71 
-
. 
30 35 40 45 50 




range of rock types, ranging from extensively dolomitized 
to nearly pure limestone. On the other hand Sefin-Dagh 
outcrops have the lowest CaO content, with a considerably 
lower variation coefficient, which suggest that the whole 
section is extensively dolomitized. 
In sections where dolomite is evenly distributed and 
all the samples have a correlative CaO and MgO content, 
the variation coefficient remains low. While in sections 
where dolomitization is selective but extensive at the 
same time, this will give a very low CaO content in the 
dolomitized horizons and high CaO in the undolomitized 
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parts of the section, leading to a high variation coefficient. 
This is why, although Bai Hassan 13 has an average of 40.3% 
CaO, it has a higher variation coefficient than Kirkuk Well 
117. 
(b) Dolomite and Magnesite: 
Magnesium is the second important mineralogical con-
stituent after calcite in the Qamchuqa rocks. Two sources 
are considered the main supplier of the magnesium in these 
rocks. 
x •• "" .... ,," ". 
(1) Primary MgC03 magnesite: 
Chave (1954a and b) and Dodd (1967) discussed the Mg-
content of the common calcareous fauna. According to 
Chave (1954a) the magnesium in the faunal skeletons 
depends on the following factors: 
(i) Original mineralogy of the skeleton. Shells 
and tests which are made up of aragonite contain 
less magnesium than those of calcite composition. 
(ii) Temperature: As temperature increases, Mg-
t ...... 
content will increase also, and consequently 
warm-water faunas contain more magnesium than 
their cold water equivalents. 
(iii) The phylogenetic level of the organism: 
A reverse relationship has been found by Chave 
(1954a) where Mg-percent decreases with the 
increase in the phylogenetic level. 
Common 
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Orbitolina spp., which dre the mo~ Aforaminifera in the 
analysed samples, contains 1.94% of MgO. No other analysis 
hqs been done for the other biological components, but 
generally the undolomitized rocks contain less than 2% MgO, 
which indicates that the primary magnesium carbonate con-
tribute very little to the Mg content of the formation. 
Thus most of the undolomitized rocks are low-magnesian 
limestone. 
(2) Secondary MgC0J (Dolomitization) 
This is the main source of Mg ions in the rocks. Mg 
ions are assumed to replace some of the Ca ions by 
the mechanisms discussed in the chapter 4, and the 
resultant rock will be very rich in Mg ions. 
68 samples have been analysed for their MgO content. The 
statistical constants of the analyses are given in Table (5-3). 
Table (5-3) Statistical Parameters of MgO content 
in the analysed samples. 
Location Total Arithmetic Standard 
number of mean deviation 
analysed 
samples 
Eai Hassan Well 
13 18 6.4 6.95 
Jambur Well 20 17 5.6 4.70 
Kirkuk Well 109 10 14.8 8.8 
Sefin-Dagh 
outcrops 6 15.5 2.8 
Kirkuk Well 117 9 1.80 1.1 
Eai Hassan Well 
16 8 6.8 8.6 











standard deviation is 7.4 and the variation coefficient is 
96.9. The high variation coefficient, as for CaO, depends 
on the range and extent of dolomitization. The lowest MgO 
average is in Kirkuk Well 117. Samples frol"tl this well are 
generally undolomitized and consist of anhydritic lagoonal 
mudstone. The highest MgO content is found in Sefin-Dagh 
outcrops, where the whole succession is extensively dolo-
mitized and neomorphosed. 
The MgO data have been represented as a histogram (Fig.19), 
from which three different MgO populations can be recognized. 
The most common types are those limestones containing between 
(0-2)% MgO, which is the normal content of ordinary limestone. 
The population is assigned the letter (A). Most of the Mg here 
is believed to be primary, derived from the skeletons of the 
fauna or precipitated directly from solution during the evapor-
ation cycle as magnesite (MgC03)' The second population, 
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which is given the letter (B), contains samples which have 
between 6% and 14% of MgO. Most of the rocks in this 
population are slightly dolomitic to dolomitic limestone. 
The Mg ions are thought to be formed by a mixture of primary 
and to greater extent, from dolomitization. The third or 
(0) population, comprises rocks which have MgO ranging 
between 14% and 16% MgO. These rocks are either extensively 
dolomitized limestone or pure dolomite. This population is 
separated from the other two by a break, which indicates 
that all the Mg ions in it were secondary and derived from 
dolomitization. 
It is of interest to draw some correlation between the 
histogram showing the MgO content and the histogram which 
shows the size distribution of dolomite rhombs. Both 
histograms have three main populations and it seems that the 
first generation dolomite or the supratidal type is corre-
lative with the chemical properties of population (A), while 
the medium sized generation dolomite falls in population (B). 
The late generation dolomite, which is also separated by a 
break from the other two dolomite generations, is correlative 
with the third population (0). 
OaO/MgO Ratio: 
This ratio has a very important application both in 
sedimentology and petroleum geology. According to Folk 
and Land (1975), this ratio controls the shape and nature 
of the precipitated calcium carbonate. Under marine con-
ditions Mg will poison the sideward crystal growth of calcium 
carbonate, thus preventing the formation of blocky sparry 
calcite, and the preCipitated aragonite or calcite will be 
forced to form a steep rhombiC, or fibrous habit. 
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Chilingar (1953) suggested that Ca/Mg ratio decreases 
with time. In 1956, Chilingar found th3t there is no simple 
relationship between the Caj}ig ratio and the age of the rocks. 
Siegel (1961) plotted the iso-magnesium percentage lines in 
the Northern Florida Keys sediments and concluded that Mg 
content decreases with distance off-shore. Chilingar ~ al. 
(1972) suggested that the plotting of Ca/Mg ratio contours 
are a useful tool in petroleum geology, because high porosity 
is uaully associated with low Cafi~g ratios. 
The CaO;iigO ratio of the Qamchuqa samples decreases in 
two main directions. The ratio decreases away from the 
lagoonal part of the shelf. The lagoonal facies are mostly 
undolomitized lime mudstone. The neritic and the slope zones 
are highly dolomitized, due to the initial high porosity, 
which allows the circulation of fluids and solutions after 
deposition. Secondly, the CaO/MgO ratio decreases where 
whole outcrops are more or less dolomitized and contain 
high percentages of MgO. The average CaO;1igO ratio in the 
lagoonal part of the shelf is 26.9, while it drops down into 
13.9 in the slope area of the shelf and as low as 2.13 in 
the outcrops. The average CaO/MgO of each of the analysed 
sections are given in table (5-4). 
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Table (5-4) Statistical Parameters of the CaO~lgO ratio 
Location Total Arithmetic Standard Variation number of mean deviation Coefficient 
samples 
Bai Hassan Well 
13 18 17.3 13.3 77.1 
Jambur Well 20 17 13.9 10.5 75.5 
Kirkuk Well 109 10 8.02 12.3 150.0 
Sefin-Dagh 
outcrops 6 2.13 0.6 29.8 
Kirkuk Well 117 9 26.9 11.39 42.3 
Bai Hassan Well 
16 8 26.07 19.8 76.0 
The MgO content of the Qamchuqa analysed samples is 
plotted against its CaO content. The relation between the 
two as shown in (Figure 20) is generally negative. The 
correlation coefficient between the MgO and CaO is r = - 0.85 
and the estimated regression line equation between the two is: 
= 
However, the relation between CaO and MgO can be divided 
into three parts. The first, when the MgO content is between 
(0-4%), the CaO in this case is not affected by the MgO, and 
the correlation coefficient between the two is an unreal value. 
So in limestone and slightly dolomitic limestone, both MgO 
and CaO exist together and there is no obvious relationship 
between the two. As MgO content increases and the rock 
becomes dolomitic, the r.elation between the two becomes 
negative and the correlation coefficient has a minus value. 
Fig. 20:- CoO vs MgO 
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When the rock becomes completely dolomitized and contains up 
to 21.8% MgO, the relation between the two disappears also, 
because a calcium carbonate should be present with a minimum 
of 30.4% whether the rock contains 18% or 21% MgO. Conseq,uently 
the correlation coefficient between the two has an unreal 
value again. 
Depending on the CaO,lr11g0 ratio, Frolova (cited by 
Chi1ingar et ale 1972) classified the dolomite-magnesite-
calcite series into 12 different rock types (Table 5-5). 
Table (5-5) Frolova's classification of Dolomite-Magnestie-
Calcite series (After Chilingar et ~. 1972) 
CONTENT 
Name Dolomite Calcite Magnesite CaO;MgO 
Ratio 




25-5 75-95 9.1-50.1 limestone ---
Dolomitic limestone 50-25 50-75 --- 4.0- 9.1 
Calcitic dolomite 75-50 25-50 --- 2.2- 4.0 
Slightly calcitic 
1.5- 2.2 dolomite 95-75 5-25 ---
Dolomite 100-95 0-5 --- 1.4- 1.5 
Very slightly 
100-95 0-5 1.25-1.4 magnesian dolomite ---
Slightly magnesian 
95-75 5-25 0.80-1.25 dolomite ---
Magnesian dolomite 75-50 --- 25-50 0.44-0.80 
Dolomitic magnesite 50-25 --- 50-75 0.18-0.44 
Slightly dolomitic 
magnesite 25-5 --- 75-95 0.03-0.18 
Magnesite 5-0 --- 95-100 0.00-0.03 
This classification has been applied for the ~amchuqa 
analysed samples and the results are shown in (Table 5-6). 
The following rock types have been recognized: 
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Table (5-6) ~pplication of Frolova's classification to the 
Qamchuqa rocks. 
Locality rrotal number 
of 
samples 
1. BAI HASSAN WELL NO. 13 
Slightly dolomitic lime-
stone 10 
Dolomitic limestone 2 
Dolomite 2 
Slightly calcitic dolomite 2 
Calcitic dolomite 2 




Slightly calcitic dolomite 
Calcitic dolomite 




Slightly calcitic dolomite 
Very slightly magnesian 
dolomite 
4. SEFIN-DAGH OUTCROPS 
Slightly calcitic dolomitE 
Calcitic dolomite 

























Stratigraphic symbols of 
analysed samples 
6H, llH, l2H, 13H, 14H, l5H, 





1M, 2M, 3M, 19M, 20M, 21M, 
22M, 23M 
4M, 5!l1:, 6M, 7M 
12M 
8M, 13M, 17M 
Kl1, K12, K14 
K3, K6, K8, K10 
Kl, K9 
K2 
4Q, 5Q, 8Q, 10Q 
lQ, 6Q 
2R, 3R, 5R, 6R, 8R, lOR, 
llR. Orbitolina 
lR 




1. Slightly dolomitic limestone: This group comprises 35 
samples of the original 72. It is predominant in Kirkuk 
Well 117 on the lagoonal part of the shelf, making up to 
89% of the total samples of this well, but it is absent 
in the outcrops of Sefin-Dagh mountain. 
2. Dolomitic limestone: This is the second predominant rock 
type, mostly common in the neritic part of the shelf. 
3. Dolomite: Dolomite occurs together with the previous 
type and the boundary between the two is not very sharp. 
4. Slightly calcitic dolomite: This type is common only in 
the fore-slope and the outcrops of Sefin-Dagh mountain. 
5. Calcitic dolomite: It represents an extensive stage of 
dolomitization and also present only in the fore-slope 
and the outcrops where dolomite is coarse and well-
developed. 
6. Very slightly magnesian dolomite: This type is very 
rare and represented by one sample from Kirkuk Well 109. 
It is characterized by the presence of up to 5% magnesite 
MgC°3· 
From examination of the above table, it is clear that all 
the rocks of the Qamchuqa formation are more or less dolomitized 
and there is no pure limestone in the succession. 
2. Trace Elements: 
(A) Strontium: 
This is the most important trace element in carbonate rocks, 
due to its variation with the change in the environmental 
conditions. Strontium in carbonate-evaporite rocks can be 
found in one or all of the following ways: 
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(1) Incorporated within the lattice of carbonates or clay 
minerals: It is agreed by most workers, that strontium 
is usually found within the carbonate lattice, mostly 
in aragonite (Graf 1960). Lowenstam (1954) found that 
the strontium percentage in skeletal carbonate is directly 
proportional to the content of aragonite in the rock. 
Thompson and Chow (1955) and Odum (1957) also emphasized 
that strontium occurs mainly in the aragonite lattice. 
While Holland et ale (1964) found that aragonite is able 
to take up strontium 10 times more readily than calcite 
into the lattice. 
Holland et ale (1964) pointed out that the value of 
the distribution coefficient K cSr of strontium between 
solution and calcite is 0.076 F 0.006, while the KA Sr 
of strontium between solution and aragonite is 0.59 F 0.02. 
Using the electron microscope, Veizer et ale (1971) 
have found that strontium-rich samples are usually 
associated with relics of elongated shape crystals assumed 
to be aragonite. While the low strontium samples have 
a polygonal shape and are mostly calcite. 
Some authors put the problem in a reverse order. 
Trueman (1942), Turkian and Kulp (1956) suggested that 
the abundance of strontium in an environment might deter-
mine whether calcite or ar~gonite would be the preferred 
form of crystallization. Weber (1964) found that strontium 
concentration in dolomite dependedson whether the dolomite 
was derived from aragonite or calcite. 
and 
Oxburgh II &. (1959) ,,.< Kinsman and Holland (1969) 
pointed out the importance of temperature in this problem. 
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According to Kinsman and Holland (1969) the strontium 
concentration factor for aragonite is 1.17 F 0.04 at 
16°e, while that of calcite is 0.11 F 0.02 at 300C. 
While, Graf (1960) noticed that temperature changes 
the ratio only in so far as it may lead to a change 
in the CaC03 polymorph secreted by the organism. In 
general, these different factors are interrelated, but 
temperature is the controlling factor. Kinsman and 
Holland (1969) found that above 300C, aragonite is the 
only phase precipitated, while at 30 e aragonite is 
practically absent. Thus, at higher temperatures, 
aragonite will form and this has a higher ability to 
incorporate strontium in its lattice. Consequently, 
carbonate rocks deposited in warm waters should be 
aragonitic and contain a higher strontium content. 
In ancient sediments, like the Qamchuqa rocks, 
aragonite is absent, because it inverts usually into 
calcite shortly after burial. Consequently, the 
strontium ions are either (1) still incorporated in 
the newly formed calcite, resulting in abnormally 
strontium-enriched calcite, a case which has not 
encountered in the studied Qamchuqa samples, or (2) the 
strontium ions will be expelled from the carbonate 
skeleton and then absorbed by the clay minerals, or 
washed out by circulating fluids. Clay minerals 
usually contain "holes" in their structures, through 
which foreign ions can be absorbed easily. 
Most of the strontium of the Qamchuqa is believed to 
be incorporated o~iginally in the aragonite lattice, 
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and then expelled during transformation and diagenesis, 
to be absorbed by clay minerals. This may explain the 
facf that the strontium content of the formation 
increases toward the lagoonal part of the basin, where 
clay mineral contents are relatively high. 
(ii) Strontium derived from the skeletons of the fauna: 
Kulp 2i ale (1952) pointed out that the following factors 
affect the strontium content in the skeleton of certain 
organisms: 
(a) Stronti~~ content of the sea water: Strontium is 
most common in aragonitic sediments which are in 
turn co~~on in warm, shallow water of the carbonate 
shelf. 
(b) Salinity. 
(c) Phylogenetic level of the organism. 
Veizer et ale (1971) found in 35 samples, that the 
-.-
strontium concentration of the inner layer of pelecypods, 
which is composed of aragonite, is twice that of the whole 
shell. According to them, the strontium difference between 
fore reef and back reef, of Rhaetian age in Czechoslovakia, 
is caused by the difference in the mineralogy of the 
fossil assemblages. 
Kulp ~~. (1952) found that the strontium content of 
a certain Miocene genus is relatively constant, and also 
«." . recorded that except for limited individuals, the 
strontium content is constant within a class. On the 
other hand, Bowen (1956) found that strontium content 
of some Recent corals is. greater than their equivalent 
fossils. This conclusion is logical since most of the 
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corals, which are made originally of aragonite, would 
transform into calcite, and consequently lose some 
strontium. 
Most of the faunal components present in the formation 
are extensively neomorphosed, and consequently like the 
non-skeletal carbonates, st~ontium has been expelled 
from the skeleton and either absorbed by clay minerals 
or washed out. 
(iii)Strontium precipitated as strontium sulphate: 
This is the less common occurrence of strontium. The 
element is precipitated directly from solution as 
Celestite, SrS04 , or may form diagenetically in the 
same manner as nodular anhydrite. (See later discussion). 
The statistical parameters of strontium content are 
given in Table(5-7). 
Table (5-7) Statistical Parameters of strontium content (ppm) 
in the Qamchuqa analysed samples. 
. Location Total Arithmetic Standard Variation number mean deviation Coefficient 
of 
samples 
Bai Hassan Well 
283.5 88.7 31. 3 13 12 
Jambur 'flell 20 15 365.9 116.4 31.8 
Kirkuk Well 117 8 472.2 194.4 41.2 
The arithmetic mean of strontium for all samples is 
'359.2 (ppm), with standard deviation of 144.3 and variation 
coefficient of 40.2. The variation in the strontium content 
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of the samples is due to the following: 
(a) Dolomitization and neomorphism: extensively dolomitized 
or neomorphosed samples are depleted in strontium and 
the average is around 150 ppm. 
(b) Clay mineral content: Samples, which contain a high 
percentage of clay minerals, have in turn high strontium 
conc entration. 
The highest strontium content is in the lagoonal part of 
the shelf in Kirkuk Well 117, due to the presence of clay 
minerals and evaporites where celestite may occur also. The 
fore-slope part of the basin contains higher strontium content 
than the neritic part, and this may be due to the presence of 
considerable amounts of skeletal debris. Strontium increases 
in both lagoonal and basinward of the shelf but decreases in 
the neritic zone, a suggestion made earlier by Viezer et ale 
(1971). 
The strontium content of the formation is drawn as a 
histogram (Fig. 21). Two main populations can be recognized 
and are separated by a break. The first population (A) is the 
larger and includes samples with strontiun contents ranging 
between 100 to 600 ppm. The highest peak is the 300 to 400 
ppm and most of these samples are dolomitic limestone. The 
smaller population (B), contains samples between 700 and 900 
ppm strontium. The samples in this population are featureless 
mudstone with up to 2% SO=4' while the MgO content is less 
than 2%. 
Fig, 21 :-
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Strontium content versus evaporite content and salinity: 
Most workers agree on the importance of salinity in 
strontium geochemistry. Odum (1950) pointed out that the 
Sr/Ca ratio is related to salinity, as do Turekian (1955) 
and Kulp et ale (1952). 
Vinogradov and Ronov (1956) found that strontium 
contents are higher in rocks of the Russian platform, which 
are associated with evaporites. Smykatz-Kloss (1966-referred 
to by Bausch 1968b-) found that strontium values of Northern 
Germany Zechstein limestone are also higher than normal due 
to their association with evaporites. Bausch (1968b) also 
suggested that strontium concentration is salinity dependent, 
and limestones in an evaporitic series showed relatively high 
strontium content. Vinogradov et~. (1945 cited by Graf 1960) 
noticed that strontium increases with evaporite content in 
Kazan in the U.S.S.R. 
The strontium-evaporite relation has two main, inter-
related aspects. Firstly, since salinity is related to 
temperature, because as temperature increases, evaporation 
rate becomes high and salinity increases in turn. The 
increment in temperature will affect the calcium carbonate 
polymorph and aragonite, which will have more strontium. 
Secondly, due to temperature increase, celestite, SrS04, 
may form also, as recorded by Graf (1960) from some evaporitic 
areas. A solid solution of SrS04 and EaS04 is also recorded 
by Grahmann (1920 cited by Graf 1960). 
Celestite has been found in the Recent evaporitic sabkha 
environment of the Arabian Gulf, Evansand Shearman (1964), 
as euhedral single crystals and as mutually interferi~g 
aggregates. They related its formation to diagenetic 
processes, which cause the solution or replacement of 
aragonite and calcite. This will lead to the release of 
strontium from the carbonate lattice into the pore water. 
Some of this strontium would be incorporated within the 
calcium sulphate lattice or precipitated as celestite. 
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In the present study the relation between strontium and 
evaporite is considered as the relation between strontium and 
sulphate 804-
2 content of the formation. The reaction of 
sulphate with barium chloride produces barium sulphate. 
The resultant suspension is measured by the spectriphoto-
meter sp 30 at a wave length of 420 nm. 
The sulphate content has been plotted against the 
strontium content of the formation (Figure 22), showing that 
strontium generally increases with the SUlphate content. 
The strontium content is about 400 ppm when the sulphate is 
1.3%, while the strontium drops to only 150 ppm when the 
sulphate is about 0.2% in the rock. 
The correlation coefficient between the two is very 
high and positive, being r = 0.B36. While the estimated 
regression line equation of the two elements is: 
Y1 = 0.OO3X1 + 0.6156 
However, samplessu~ ~lR, BR, lOR and llR, contain more 
strontium and sulphate than the others, which suggests that 
the lagoonal sediments contain higher strontium than other 
parts of the shelf. In general, most of the points fallon 




The high strontium content in some of these samples is 
related to the presence of celestite. It has been noticed 
that a white precipitate forms at the bo.ttom of the flasks 
containing high strontium during the chemical analysis. This 
is believed to be either celestite or anhydrite. 
Strontium content versus Diagenesis (Dolomitization and 
Neomorphism: 
It seems, from a general survey of the published works, 
that dolomites contain either a higher or lower strontium 
content than limestone, depending on the following: 
(1) Weber (1964) suggested that, since dolomite is a replace-
ment mineral after calcite or aragonite, then the strontium 
concentration will depend on the original minerals, and the 
abundance of strontium in secondary dolomite is considered as 
a "minor impurity" derived from aragonite and incorporated in 
the dolomite structure. But, Weber ignored the fact that the 
dolomitization is usually associated with complete dissolving 
of the original mineral including the liberation of CO2 and 
the precipitation of new mineral. So it is not probable that 
strontium will survive this solution - precipitation and be 
incorporated in high concentration in the newly formed dolomite. 
(2) On the other hand, Stout (1941) related the·variation of 
strontium content in dolomite to the presence or absence of 
celestite, which is more resistant to solution than calcium 
carbonate. This assumption sounds more reasonable especially 
in cases where carbonate and evaporite exist together. 
More recently, Smykatz-Kloss (1966 cited by Bausch 1968b) 
suggested that dolomite generally contains low concentrations 
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of strontium, Bausch (1968b) gave an average of 100 ppm 
in dolomite. Siegel (1961) noticed that where strontium 
content is low, the Mg is high. He related this mainly to 
environmental conditions rather than as a result of diagenesis. 
He suggested that sediments which are composed of calcite 
shells, mostly of foraminifera, echinoderms and molluscs, 
contain higher Mg and less strontium than the reef coralline 
algae and similar organisms which have a high strontium and 
low magnesium. Graf (1960) suggested that diagenesis de-
creases the Srlea ratio of the carbonate and the difference 
between the ratios for matrix and for the skeletal components 
should be a measure of the amount of alteration. Sternberg 
!!! al., (1959) described a case in which the strontium content 
decreases away from the basin as follows: basin (380-1570) 
~ forereef (150-420) ~ Back reef (60-150), and he related' 
this to the increase of the rate of recrystallization away 
from t he basin. 
Ftugel and Wedepahl (1967 cited by Veizer ~~. 1971), 
developed six models of diagenesis in relation to strontium 
content. One of these is the closed system, which may pro-
duce a final phase of low-magnesian calcite with strontium 
concentration around 700 ppm in the rocks derived originally 
from aragonite and 150 ppm or slightly more in those which 
derived from calcite. 
On the other hand, Veizer et ale (1971) suggested that 
the differences in strontium concentration are not caused by 
differences in the degree of recrystallization. Kulp et ale 
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(1952) found a "fair" positive correlation between strontium 
percentage and that of magnesium. 
The Mg content of the Qamchuqa rocks has been considered 
as the indicator of the extent and degree of dolomitization, 
because the calcite of the Qamchuqa is low-magnesian type. 
The strontium content in ppm has been plotted against MgO 
in percentage and the resultant graph is shown in Figure (23). 
From this two separate populations can be recognized: 
(i) Sampl~s which contain between 1 and 3~ MgO only, comprise 
the slightly dolomitized to the non-dolomitized limestone. 
There is no relationship between strontium and magnesium 
and the correlation coefficient between the two is an 
unreal number. Strontium in these samples depend on 
other factors such as anhydrite percent or clay minerals. 
(ii) As the MgO percentage increases, and the rocks are 
dolomitized, which includes the expulsion of strontium 
from the carbonate lattice, the relation between strontium 
and magnesium becomes negative. 
The correlation coefficient hBtween the two elements for 
all the samples is still negative and r = -0.50. The estimated 
regression line equation is: 
= 13.01 - 0.0204 Xi 
Strontium versus Insoluble residues: 
Bausch (1968b) found that in diagenetically altered lime-
stone, the strontium content is directly proportional to the 
clay content of the rocks. As explanation, he suggested that 
clay minerals usually absorb the freed strontium from the 
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Veizer et al, (1971) pointed out that there is no 
relationship between clay minerals and strontium, because 
according to them, strontium content of the shale is lower 
than that of carbonates. 
The main insoluble residues of the Qamchuqa analysed 
samples are anhydrite and clay minerals. The relation 
between anhydrite and strontium is discussed earlier in 
this chapter. In order to study the relation between 
strontium and clay minerals, the relation between the main 
elements of clay minerals such as Al, K, Na, and Ti will 
be discussed in relation to the strontium content. 
Potassium is considered as an indication of K-bearing 
clay minerals from the illite group. Potassium content in 
percentages is" plotted against the strontium content (in 
ppm) (see Figure 24). The relation between the two elements 
is fairly positive and direct, the correlation coefficient 
between strontium and potassium is r = 0.314 and the 
estimated regression line equation is: 
Yi = 0.000077 Xi + 0.304 
This direct relation suggests that as K-bearing clay 
minerals increase, the strontium content increase too, because 
strontium is incorporated in the clay structures. 
Sodium is practically absent in the Qamchuqa rocks, and 
analysis by x-ray flouroscence spectrometer gave around 9 ppm, 
which is in the error field of the method. The absence of 
sodium indicates the absence of sodium-bearing clay minerals 
mostly of the montmorillonite group, which are characteristic 
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Aluminium is the main element in all the clay minerals 
groups. The aluminium content (in percentage) is plotted 
against the strontium content (in ppm), and as shown in 
(Figure 25), the relation between the two elements is also 
positive and direct. The correlation coefficient between 
strontium and aluminium is r = 0.449. The estimated re-
gression line equation is: 
Yi = 0.00125 Xi + 1.73 
So, generally, the strontium content of the Qamchuqa 
increases with the increment of clay mineral percentage in 
the rocks. 
Strontium content versus age: 
Vinogradov ~!l. (1956) plotted strontium content against 
absolute geologic time for samples from the Russian platform 
and North America. In both instances a definite decrease 
from Permian to Tertiary has been noted. 
On the other hand, Kulp et~. (1952) found no Sr/Ca 
trend with ageJ while Tilton and Davis (1959) noticed an 
increase of Sr87 content with time, due to the decay of Rb87 • 
The change of strontium content with age is closely 
associated with the occurrence of evaporitic conditions in 
particular geologic ages, the degree of recrystallization 
and diagenesis, as well as the fractionation of isotopes 
with time. 
Unfortunately, there io no strontium measurement from 
the older rocks of Iraq, and so it is not possible to trace 
any variation in the strontium content with time. 
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(B) Aluminium: 
Aluminium is the most common mineral in the eart~.crust 
after oxygen and silicon. It is very common in igneous and 
metamorphic rocks, in feldspars, micas and clay minerals. 
In sedimentary rocks, aluminium is found in clay minerals, 
resulting from the weathering of pre-existing silicate rocks, 
according to the equation: 
,. 
2 K al S1308 + 2H20 + CO2 A12Si205(OH)4 + K2C03 + 4Si02 
kaolinite clay 
The kaolinite group of clay minerals has been found in 
the Qamchuqa rocks and is considered as one of the main sources 
of aluminium. This group is characterized by a layered lattice, 
which consists of one (Si4010 )-4 sheet connected to one Al-OH 
sheet. 
Generally speaking, shales contain the highest aluminium 
content in sedimentary rocks. Mohr (1959) gave an average 
of 10.17% aluminium in shale. Hirst (1962) described the 
aluminium content of Recent sediments from the Gulf of 
Paria. Most of the sediments were made up of clay and sand. 
The aluminium content of the clays ranges between 10.07% and 
6.71%, while the sand sediments contain an average of 2.89%. 
He attributed the aluminium content to the weathering of argi-
llaceous materials and the formation of clay minerals. 
The statistical parameters of aluminium content in each 
of the analysed sections are given in (Table 5-8). The 
arithmetic mean for the aluminium in all the samples is (2.2%) 
, and the standard deviation is 0.39 with a variation coefficient 
of 17.78. 
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Table (5-8) Statistical parameters of A1203 content of 
the Qamchuqa analysed samples. 
Total standard Variation 
Location number arithmetic deviation Coefficient of mean 
analysed 
samples 
lJai Hassan Well 
13 18 2.05 0.40 19.50 
Jambur Well 20 17 2.17 0.30 13.80 
Kirkuk 'Nell 109 10 1.8 0.43 23.76 
Sefin-Dagh 
outcrops 6 0.31 0.40 129.03 
Kirkuk Well 117 6 2.54 0.48 18.9 
Bai Hassan Well 
16 10 1.79 0.38 21.2 
The highest aluminium content is in Kirkuk Well 117, 
which as mentioned earlier, represents the lagoonal, landward 
part of the shelf. Sediments are made up of lime mudstone 
with high clay content. Similar aluminium content have been 
found in both the neritic and slope, basinward parts of the 
basin, although it seems the neritic zone contains lower 
amounts than both the lagoonal and the slope sediments. The 
slope, basinward sediments may be influenced by the nearby 
globigerinal lime mudstone of the basinal Ba1ambo formation. 
The lowest aluminium content is found in the dolomitized and 
neomorphosed outcrops of Sefin-Dagh mountain. It is thought 
that, like any other element incorporated within the clay 
structure, aluminium will be expelled during dolomitization 
and neomorphism. 
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In order to verify the assumption that most of the 
aluminium in this formation is derived from clay minerals, 
the relation of aluminium with potassium will be discussed. 
Potassium is also believed to be incorporated in the clay 
minerals. A second approach, will be to discuss the behaviour 
of aluminium in relation to diagenesis, represented by the 
MgO content. 
Aluminium content versus potassium content: 
The aluminium content (in percentage) has been plotted 
against the potassium content (in percentage also). The 
resultant relation is shown in Figure 26. 
The correlation between aluminium and potassium is 
positive and the correlation coefficient is r = 0.28, which 
suggests that the aluminium and potassium contents are 
related to each other. The estimated regression line equation 
1s 
Yi = 0.053 Xi + 0.2047 
The only possible explanation for this correlation is 
that, both potassium and aluminium are derived from local 
source.s, that is clay minerals. 
Aluminium versus magnesium content: 
The aluminium content, in relation to dolomitization, 
represented here by the MgO content, can be separ~ted into 
three fields (Fig. 27). 
(1) The outcrops samples (excluding 3Q): These samples 
contain very low aluminium content, ranging between 
0.1% to 0.3%. Most of these samples are completely 
dolomitized and neomorphosed (MgO content ranges 
3-6 N = 43 
3-4 
Correlation coefficient = 0 -28 
Estimated regression line equation"-' 
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between 11% and slightly over 18%). It is believed 
that aluminium has been expelled extensively. No 
correlation has been found between the two elements 
in these samples and the correlation coefficient 
has an unreal value. 
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(ii) The dolomite samples: These samples represent pure 
dolomite, and with exception of a few samples, they 
have between 20% to 22% MgO. Strangely, all these 
samples have a more or less similar aluminium content 
and most of them are clustered around 1.6% aluminium. 
This seems to represent the minimum aluminium a 
subsurface rock can contain and the difference between 
this and the aluminium in the outcrops represents the 
amount of loss, by washing. Also there is no correlation 
between the two elements in this group and the calculated 
correlation coefficient has an unreal value. 
(iii)The third group represents the largest number of samples 
and comprises the do10mitized, slightly do10mitized, and 
the nearly undolomitized limestones. The relation 
between magnesium and aluminium in these samples is 
negative. The correlation coefficient is r = -0.35 
and the estimated regression line equation is: 
Yi = 2.36 - 0.047 Xi 
So, the amount of aluminium in the Qamchuqa rocks 
decreases with the extent of dolomitization. When the rock 
is completely dolomitized, it h~s the minimum of aluminium 
content which is around 1.6% in the subsurface. As this 




Titanium is usually present in mafic igneous rocks, with 





According to Graf (1960), titanium is concentrated mainly 
in the coarse fraction of sediments. This applies only to 
sediments derived originally from an igneous or metamorphic 
terrain. Correns (1941 cited by Graf 1960), noticed that 
samples with 50-60% CaC03 contain-0.74% titanium, samples 
with 60-70% CaC03 contain 0.87% titanium while samples with 
70-80% CaC03 have about 0.61% titanium. From this he con-
cluded that titanium content is not dependent on the calcium 
carbonate percentage in the rocks. 
Hirst (1962) described titanium from Recent sediments 
of the Gulf of Paria. According to him, the average titanium 
in the analysed samples was 0.25% and it is higher in clay 
than in the Band. Graf (1960) found that dolomite samples 
usually contain between 330 and 450 ppm of titanium. On the 
other hand, Van Andel II a.l. (1954) suggested that titanium 
is closely associated with the contribution of detrital 
minerals. Goldschmidt (1954) concluded that very little 
titanium is absorbed or incorporated by clay minerals" but 
he suggested that titanium may be deposited as finely 
crystalline Ti02 together with small flakes of clay minerals. 
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The statistical parameters of the titanium content 
in three representative wells are given in Table (5-9) • 
The arithmetic mean for all the samples is 0.054, the 
standard deviation is 0.0549 with variation coefficient 
of 101.6. 
Table (5-9) Statistical parameters of Ti02 content in the 
Qamchuqa rocks. 
:r ot aT 
number Arithmetic Standard Variation 
Location of mean deviation Coefficient 
samples 
Bai Hassan Well 
13 18 0.042 0.049 116.7 
Jambur Well 20 17 0.045 0.031 68.9 
Kirkuk Well 117 9 0.10 0.063 63 
The highest titanium concentration is in the lagoonal part 
of the shelf, which indicates that titanium is either absorbed 
by clay minerals or deposited as fine crystalline Ti02 between 
their structures. Both neritic and slope areas have nearly 
similar contents and that is about half the lagoonal content. 
Al203/Ti02 rqtio: 
This ratio has been calculated for the Recent sediments 
of the Gulf of Faria by Hirst (1962). He recorded that it 
ranges between 18-25 and it generally follows the aluminium 
occurrence but without strong coherence between the two. 
The Al203/Ti02 ratios of three wells from the Qamchuqa 
rocks are given in (Table 5-11). The lowest ratio is around 
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11.1 from the lagoonal sediments of Kirkuk Well 117. This 
sample consists of limestone with shale streaks. The fauna 
consists of algae, miliolids with some organic pyrite, which 
Wi~hj~ ~het hOlizon ° 
suggests a lagoonal euxinic environmen~. The highest ratio 
can be found in the dolomite samples of the slope or 
neritic parts of the shelf. 
In general, although the A1203/Ti02 ratio is neglected 
in the carbonate geochemistry, it could be ao very useful 
tool in environmental differentiation, because it seems 




Table (5-10): A1203/Ti02 ratio in three representative wells 
from the Qamchuqa. 
Samples A1203/Ti02 Samples A1203/Ti02 
Jambur 'Nell No.20 Bai Hassan Well No.13 
1M 41.7 2H 64 
2M 45.6 6H 179 
3M 39.3 9H 182 
4M 38 10H 19.2 
5M 54 IlH 19.2 
6M 98 l2H 37 
7M 189 l3H 97 
8M 186 l4H 53.5 
12M 177 l5H 53 
13M 51.5 16H 98 
16M 66.7 17H 38 
~7M 95.5 l8H 27.2 
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Qamchuqa rocks, like many ather shallow water limestones, 
contain more potassium than sodium, due to the absence of 
sodium-bearing clay minerals in the shallow water environment. 
Sodium in the formation is below the detection level and has 
been neglected • 
. 
Heier and Adams (1964) recorded an average of 0.27% 
potassium in limestone, and Nelby (1958) described a chalk 
containing up to 1.75% K20. Graf (1960) found an average of 
2.11% K20 in globigerina ooze, where the content ranges between 
0.25% and 4.50% compared to 0.92% of K20 found in the globigerina 
ooze of the Balambo formation, the basinal equivalent of the 
Qamchuqa. 
The statistical parameters of potassium in the ~amchuqa 
analysed samples are given in table (5-11). 
Table (5-11) Statistical parameters of K20 contents in the 
Qamchuqa rocks. 
Total Arithmetic Standard Variation 
number mean deviatjon Coefficient Location of 
samples 
Bai Hassan Well 
18 0.30 0.26 85.0 13 
Jambur Well 20 17 0.29 0.14 47.5 
Kirkuk Well 109 10 0.20 0.45 225.0 
Sefin-Dagh 6 0.19 0.35 182.0 mountain 
Kirkuk Well 117 8 0.44 0.18 40.9 
Bai Hassan 16 10 0.12 0.23 194.9 
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The average K20 in all the samples is 0.32% and the 
standard deviation is 0.21 with a variation coefficient of 
65.6%. 
corrlent 
The highest potassiumAis again in the lagoonal part of 
the shelf; the neritic zone has the lowest potassium content. 
• 
Plotting K20 content against A1203 shows a direct 
relation between the two elements (see Figure (26) and earlier 
discussion). This graph suggests that most aluminium and 
potassium are related to the clay minerals. 
According to Booy (1972), the alkaline environment 
favours the formation of K-rich illite clay. Where Ca is 
present in the sea, it hinders the formation of kaolinite. 
The K-fixation prevents this process, where K+ ions fit in 
the "holes" of the hydroxyl surface. Booy concluded that 
illite is the common clay mineral in arid areas. X-ray diff-
raction of some of the insoluble residues of the Qamchuqa 
shows the presence of illite. Consequently, it has been 
'assumed that most of the potassium present in the samples 
is supplied by the non-carbonate, clay minerals part of the 
sediment s. 
The other probable source for the potassium and especially 
in 'the more evaporitic part of the shelf io the possible 
presence of sylvite (Kel), but because this mineral needs 
extreme conditions of evaporation, its contribution is limited. 
The drop in the potassium content in dolomitized and 
neomorphosed horizons is due to the removal of clay minerals 
and leaching of the trace elements. 
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(E) Sulphates: 
Sulphates are considered as an indication of the amount 
of anhydrite (CaS04 ) or gypsum (CaS04 .2H20) present in the 
formation although, some celestite SrS04, or MgS04 may also 
occur in trace quantities. 
The statistical parameters of sulphate content of the 
analysed samples are given in Table (5-12). The average of 
sulphate in all the samples is 0.46% and the standard 
deviation is 1.08 and the variation coefficient is 235.6. 
Table (5-12) Statistical parameters of sulphate content in 
the analysed samples of the Qamchuqa group. 
Total Arithmetic Standard Variation 
Location nUI:lber mean deviation Coefficient 
of 
samples 
Kirkuk Well 117 8 1.16 0.65 55.7 
Bai Hassan Well 13 12 0.18 0.077 42.8 
Jambur Well 20 15 0.26 0.27 104.8 
The high variation in the content is due to the presence of 
relatively high sulphate content in the lagoonal area neighbouring 
the supratidal Jawan evaporite, compared to .the low sUlphate 
in both the slope and the neritic parts of the shelf. The 
relatively high content of sulphate in the slope zone is 
due to the presence of thick Jawan lagoonal limestone at the 
upper part of the section, which is eroded in the neritic zone. 
Both anhydrite and gypsum are considered to be secondary. 
The first is formed by displacing the mudstone of the formation 
SO -2 . and the second is precipitated from 4 enriched solut~ons 
in the pores and vugs. 
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3. Non-Carbonate Components: 
These components are rare, and present only in the un-
dolomitized, or slightly dolomitized facies. Non-carbonate 
components include: 
(1) Clay minerals: Two types of clay minerals have been found 
in the Qamchuqa rocks. 
(a) The kaolinite group: which according to Grim (1968) 
consists of single silica tetrahedral sheet and a single 
alumina octahedral sheet. The average formula is A1203.2Si02• 
2H20, and the theoretical composition is Si02 46.54%, 
A1203 39.50% and H20 13.96%. Although the kaolinite 
group has a low absorption capacity compared to other 
types of clays, Weaver and Pollard (1973) pointed out 
that Fe203 , Ti02, MgO and CaO ions are nearly always 
present, while K20 and Na20 are usually present. The 
kaolinite is most common in the neritic part of the 
she,lf. 
(b) Illite group: The basic structure of the group is 
a layer composed of two silica tetrahedral sheets with 
a central octahedral sheet. The chemical formula is 
(OH)4 K2(Si6.Al2 )A14 020 and the theoretical composition 
is K20 11.8%, Si02 45.2%, A1203 38.5% and H20 4.5%~ 
Weaver (1958) suggested that illite is the predominant 
mineral in a great number of limestones and dolomites. 
Illite contains more potassium than kaolinite. The 
potassium ions occur between unit layers where they 
just fit into perforations in the surface. This group 
is most common in the more evaporitic and arid part of 
the shelf. 
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(ii) Pyrite (FeS2 ) is the most common iron component in the 
~ormation. Two types of pyrite have been recognized: 
(1) Disseminated very fine-grained pyrite (Plate 8A), 
which replaces the walls of many shell fragments, 
Orbitolina and other fossils. This type, sometimes 
called "organic pyrite", has been described in detail 
by Love (1962) from the Lower Carboniferous Oil-Shale 
Group in England. He suggested that this pyrite is 
formed by anaerobic bacteria. They produce hydrogen 
sulphide which reacts with iron in the surrounding 
media to form hydrotroilite (FeS2 .2H20) which then re-
crystallizes to pyrite. 
(2) The second type is made up of single or twin, 
well-developed cubes of pyrite, scattered in limestone 
(Plate 31). According to Pettijohn (1957) this pyrite 
may be diagenetic and formed by the growth of the 
above type which is disseminated in sediments. 
(iii)Anhydrite: This has been discussed earlier in the 
thesis. 
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Plate 31: Well- developed , large pyrite cubes. Tbis 
type of pyrite is probably evolved 
diagenetically from the ba cterial 
dissiminated pyrite shown in Plate(8A) 
Kirkuk Well No . 109 , i nterval 5036-5056 ft. 
(1534 . 9-l541 . lm) X 3 
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CHAPTER SIX 
PETROLEUM PROSPECTS OF THE QAMCHUQA GROuP 
It is the aim of this integrated appr:oa ch to delineate 
the most potential areas for the accumulation of hydrocarbons 
in the rocks of the Qamchuqa group. From both stratigraphic 
and sedimentological ~nalysis of the different formations, 
the boundaries between the main environments have been 
determined. The Jawan lagoonal limestone has been carefully 
s~parated from the neritic biowackestone and dolomite of the 
Mauddud formation, which in turn has been isolated from the 
~athyal sediments of the Balambo formation. The depositional 
features of each of the formations have been examined in the 
f~cies analysis chapter, while in the chapter on diagenesis 
all the post-depositional modifications to this formation 
have been traced. This makes it possible to investigate 
the possibility of oil occurrence in each of these formations, 
depending on the conclu~ions already reached from a sedimento-
logical point of view. 
1; Mauddud Formation: 
This formation consists of two main lithological units; 
a'dolostone and biowackestone with their variations and 
combinations. The dolostone is of three generations and each 
bas a different grain size. The medium-generation, especially 
the hollow-dolomite, is considered the most important type, 
because it is associated with high porOSities. It is believed 
that it may be formed by the local source method of dolomitization 
no. 
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as described by Murray (1964 - see dolomitization theories). 
The late diagenetic type in most cases is compact, with 
interlocking boundaries between the crystals, and resulted 
in a low porosities. However, oil staining and impregnation 
is present in this type with dissolved core-rhombs as in 
Kirkuk Well-130. On the other hand, the aphanitic, first-
generation dolomite has low porosities in general and in 
most cases, it depends on the original depositional porosity. 
The biowackestone is variable in °allochem types and 
consequently in porosity. The most common type is the 
Orbitolina wackestone, packstone or even rudstone, and 
porosity increases respectively. The special structure 
of the Orbitolina skeleton makes it a favourable place for 
the oil accumulation and in many places it acted as sponge 
° which absorbs oil. However, the porosity in the Orbitolina-
"I 
bearing sediments depends on the percentage of lime mud 
matrix, and on the presence or absence of granular mosaic 
calcite or anhydrite cement. It has been generally noticed 
that where.ver there is an association between Orbi tolina, 
and rudist, there is a high porosity also. This may be due 
to the relatively free water circulation under which such 
association can flourish and consequently mud is not deposited 
in these sediments, which in turn results in a high porosity. 
This association is common in the Mauddud part of the Qarnchuqa 
formation in Jambur oilfield. The most common problem in 
Jambur is the presence of sparry calcite cement which fills 
the pores, vugs and fractures and greatly reduces the porosity 
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of the formation. The other common wackestone is the rudist-
echinoderm floatstone or rudstone in Jambur oilfield. This 
facies is characterized by high porosity partially reduced 
by the calcite overgrowth on some of the echinoderm frag-
ments. 
In general, the Mauddud formation, in both the neritic 
and fore-slope part of the shelf, is characterized by 
relatively high porosities, which makes the formation a 
highly potential formation in the two zones. However, the 
Mauddud facies'should be carefully isolated from the lagoonal 
facies of Jawan formation in the western part of the shelf 
in particular and in the whole area of the shelf in general. 
It has been noticed that there is a great degree of mixing 
between the two facies which misled many rig geologists who 
assigned some lagoonal facies of the Jawan formation to the 
neritic Mauddud formation. Similar careful attention should 
be paid to the mixing between the Balambo formation and the 
neritic Mauddud in the slope zone of the shelf, although the 
Balambo has a distinctive globigerinal mudstone. Due to the 
transgression-regression cycles of a large basin such as that 
of the Balambo, tongues of the formation should be expe'cted 
around Jambur-lB and neighbouring area. Unfortunately, it 
seems that there is no way of determining the thickness and 
extent of these zones unless by drilling. However, some 
features, such as tho abundance of allochems or their scarcity 
may indicate the distance from the deep part of the basin. 
Other features such as glauconite may also be helpful. 
.. bft*}J.l(· 
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Geographically, the Mauddud formation extends slightly 
east of Kirkuk Well 117 to slightly west of Jambur Well No. 
18, although at least the neighbouring two kilometres around 
each well should be characterized by transitional zones as 
described above. 
2. Shuiaba Formation: 
In contrast to the Mauddud formation, which derived 
about 50% of its porosity from diagenetic processes, the 
Shuiaba formation shows little or no dolomitization. 
Consequently most of its porosity is of depositional type 
and depends on the sedimentological characters of the formation. 
The Shuiaba formation is a very heterogenous biowackestone. 
Fossils are variable, different in type and availability from 
place to place, although the whole formation is considered as 
a neritic zone. It extends geographically further than the 
Mauddud formation, especially in the lagoonal part of the 
shelf, and in areas where the Mauddud is replaced by Jawan 
lagoonal limestone or even Jawan evaporite. 
Orbitolina is still common in the Shuiaba formation 
together with other foraminifera such as Choffatella sp., and 
other fossils such as echinoderms, molluscs and rudists. Shell 
structures in many rudist species present very good porosity 
and permeability channels. 
Hydrochemical analysis of interstitial waters from 
different wells in Kirkuk and Bai Hassan oilfields showed that 
the Shuiaba formation represents a closed system with little 
or no probable mixing with fresh water from the surface and 
" ';' 
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also it represents a continuous sedimentation period which 
makes it a favourable zone for oil accumulation. 
The geographic distribution of the formation is very 
wide. It has been considered as an important producing 
formation in both southern Iraq and Arabian Gulf countries. 
In the neritic and fore-slope zones of the Qamchuqa shelf, 
the Shuiaba formation has similar sedimentological features, 
with relatively high porosities which have not been modified 
by diagenetic cement. This leads to the suggestion that 
deepening the Jambur wells to the Shuiaba part of the Qamchuqa 
may prove to be useful, because the Shuiaba in this area is 
deeply buried away from meteoric water. This is mainly 
responsible for the deposition of secondary sparry cement 
in the Mauddud part of the Qamchuqa just above the Shuiaba. 
3. Garague Formation: 
Although the Garague formation was described from Kirkuk 
deep wells only, some Garague influence has been traced in 
some of Jambur wells. At the Kirkuk area, Garague represents 
a sheltered neritic condition as indicated by the presence of 
oolitic facies. In the meantime there was a great amount of 
clastic influx, and it seems that the deposition was interrupted 
from time to time. This interruption is represented by the 
ferruginous staining of some of the components. The porosity 
of these facies is different from place to place. 
The formation needs'more investigation in relation to 
probable hydrocarbon occurrence before any further drilling 
is undertaken. 
t. * {,'j 
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4. Jawan Formation: 
This formation, as described earlier in this work, is 
represented by pelletal, rniliolidic-lagoonal mudstone. 
Porosity is very low, and most of the pores and fractures 
were filled with secondary anhydrite and sparry calcite 
cement. No hydrocarbons are likely to be present in this 
formation. 
; .' 
b 1 ....... 
CONCLUSIONS 
1. The Middle-Lower Cretaceous deposits of the northern 
parts of Iraq consist of dolostone and dolomitic 
limestone, up to 800m thick. 
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2. A new term, the Qamchuqa Group has been introduced to 
include Mauddud, Shuiaba and Garague formations in the 
neritic zone ,with the Jawan formation which replaces 
the Mauddud in the lagoonal zone of the shelf. These 
formations have 'similar environmental depositio~al 
conditions. The new nomenclature is in agreement with 
the International Code of Stratigraphy. 
J. The term "Ain Zalah Group" is suggested to replace the 
ill-defined "Qamchuqa Group" of Ain Zalah Field as 
described by Hart and Hay (1974). The Ain Zalah Group 
is for subsurface stratigraphic use only and it is 
partially correlative with Qamchuqa Group. 
4. A new classification of carbonate rocks is suggested. 
The new nomenclature represents a compilation of Folk's 
(1959) and Dunham'S (1962) classification as modified 
by Embry and Klovan (1971). This new classification 
also deals with diagenetically altered rocks. 
5. In contrast to the widely held assumption that the 
Qamchuqa is a coral-reef, it is in fact a rudist-algal-
hydrozoan bank in which corals are practically absent. 
It lacks all the topographic and petrographic features 
of a real reef. 
6. Supratidal "Sabkha" conditions are believed to be 
developed during the Albian in the westward, Jawan 
part of the shelf. This zone is characterized by 
nodular anhydrite and stromatolitic limestone. 
3.30 
7. A comparison between the Qamchuqa shelf and the Recent 
sediments around the Arabian Gulf has shown many 
similar physiographic and sedimentological features 
between the two areas. 
8. Selective micritization has been encountered for the 
first time in carbonate rocks. Orbitolina species 
were extensively micritized while the echinoderm fragments 
are slightly or not micritized at all. 
9. Three generations of dolomite have been found in the 
group. These are formed probably by different but 
complementary processes. 
10. Length-slow chalcedony was found replacing patches of 
anhydrite. This is in favour of the assumption that this 
type of silica mostly developed in the evaporitic environ-
ment. A new variety of secondary silica has been reported; 
the rosette-silica type, which is probably evolved from 
the length-slow chalcedony. 
11. The calcium and magnesium of the sediments have shown 
very interesting relationships between each other and 
with other trace elements. Strontium was found to be 
the most useful trace element in environmental inter-
pretation. It increases in both lagoonal and basinal 
zones and decreases in the neritic zone. It also 
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increases with salinity, evaporite content and clays. 
It decreases with magnesium and. neomorphism. Aluminium 
and potassium have a similar behaviour and they depend 
on the clay contents of the rocks. 
Unpublished reports by the 
geologists of Iraq Petroleum Company Limited and 
Iraqi Company for Oil Operation (The General Insitute for 
the Oil of the North). 
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8. F. Gosling 
9. Edward Hart 
10. Hawkins 
11. T. Jameson 
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1.3. J. McGinty 
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extensively neomorphosed. ~1 
Lime mud st one: soft and ~: II 
featureless. Diagenetic 111 
features include first i,h: 
generation dolomite, ,(J 
neomorphism, microfractures::' 
microstylolites with pores 1\:::~ 
filled with mosaic. sparry 1f',::1 
calcite and anhydr1te. :il~ 
F~u~a. ~ncludes rudists, liH 
m1110lJ.ds, and other Ii;:.: 




Dolostone: first and (1:; 
medium generation, .iii!1 
euhedral or aphanit1c. IL'I,I S~reaks of featur?less 1 1:'[1 
l1me mudstone. D1agenetic l!il:1 
fea ture s inc lud e bir' s- til: I 
eye texture, pyrite pig- !:;:/ 
ments, with some anhydrite ni ~nc Ius ions • Fossils dl 
J.nclude few Orbi tolina If 
concavata sp., some un- ,! i 



























! ~! ____________________________________ i III
Lime mud stone to orbi to- li;! 2962.7-3003.5 26.8 15M, 16M 137 
3003.5-3040.7 37.2 17M, IBM 138 
3040.7-3047.9 7.3 19M 139 
3047.9-3057.1 9.1 140 
3057.1-3072 .4 15.2 141 
lina biowackestone. \1:[ 
Diagenetic features are II!i 
silica, anhydrite, i,l~ 
stylolites, some first I:,!: 
generation dolomite. Ili[ 
Fossils are shell debris !,Y 
and Orbitolina concavata. ~'{ 
Dolostone: first to 
medium generation, 
euhedral porous with 
streaks of neomorphosed 
lime mudstone. Bird's-
eye texture filled with 
anhydrite. Shale streak 
at (3013.9 metre), 
secondary silica, and 
bacterial pyrite. Fauna 
include Orbitolina 
concavata, echinoderm 
debris and rudists. 
U 'f~' 
Lime mudstone and 
Orbi tolina biowackestone, i\~! 
neomorphosed with patches ;:~II 
of euhedral medium 'i!' 
generation dolomite with 't! 
aphanitic dolomite. Shale \ I;! 
streak at (3041.9 metre). iit; 
Bird's-eye texture filled "~I 
wi th anhydrite. Fauna :l 
is Orbi tolina concavata. i:', 
Pelwackestone or Ii tho- 'Iq 
wackestone, with aphanitic:i:: 
first generation dolomite, in 
sometimes extensivelY;.t!: 
neomorphosed. Other ,n 
diagenetic features in- I,il': 
clude stylolites! fractureSj':I::: 
vugs, and bacter~al pyrite. 'i!r 
Fossil is mainly HI 
Orbitolina concavata. 11,tl: 
Biowackestone, partly 
do1omitized, partly neo-
morphosed, shaley in the 
upperpart. Diagenetic 
features are fractures, 
stylolites, bird's-eye 
texture and bacterial 













:1,/1 ; Ii 1 I 
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thick- chemical cluster lithological t,tl 
analysis analysis description ~~ 
symbol number ,~: 
__________________________________ ....;i'p; ness 















11;1 :~:::::::::::n:: ::::::d it: 
sometimes, s haley with q:' 
streaks of porous, ~ 
euhedral med ium generation II:: 
dolomite. Diagenetic /1:: 
features include stylolite ,';': 
chalcedony fractures II: 
filled with spa.rry calcite.!", 
Fossil is mainly Orbitolind;: 
concavata. ';;;i 
IiI 
Biowackestone: dense, ~!~ 
shaley, patches of I,i 
aphanitic first generation i,l 
dolomite. Diagenetic W 
features include veins h 
and fractures filled with P 
"1' 
ctSlcite, stylolites and :'1 
bacterial pyrite. Fossils G! 
are Orbi tolina concavata, .( 
coral patches, few ;/\f 
milio1ids and echinoids. ::;1 
No sample. i'~f 
Miliolidic biowackestone: ~ 
streaks of porous, :i l 
euhedral medium-generation If' 
dolomite. Fossils are if, 




Pelwackestone, with T: 
streaks of porous, euhedra1 1~",! 
medium-generation dolomite.d l 
" Fossils are Orbi to lina :I:/: 
concavata and echinoids. I'f:l 
Pelwackestone, brittle 
dolomitic as above. 
Fossils are Orbito1ina 












:1,11 ih I 




/: r \ttl! 
tll~ 
'f/I' Ii; .... 

























3139.4-3141.6 2.1 148 Pelwackestone, shaleyl! 








dolomite is medium. "/:' 
generation. Other I; 
diagenetic features are ':1::, 
neomorphism, stylolites,) 
bacterial pyrite. Fauna il'!:: 
include Orbitolina spp. ,i,i:, 
miliolids, and neomorpho- II':' 
'If::, 
sed unident ified shell 1"1 








Biowackestone: partly '11,,1: t neomorphosed, dense,d 
streaks of grey, euhedral, IlJ 
porous, medium-generation 11:1 
dolomite. Other diagene- li!l 
tic features are stY10litel~::~ 
veins and vugs, pyrite.H 
Fossils are Orbi tolina 1j 
'4 
spp., rudists and large l~ Ij 
shell fragments. 111 
; ~ 
Clotted biowackestone: ,; 
shaley, patchily neo- !'i 
morphosed and dolomitized. (['Ii 
Veins and fractures are . l!~ 
filled with sparry calcite.!~ 
Stylolites, rare glaucon- 'I! 
ite and phosphate are \( 
present also. Fauna. ; i: 
include rud ists, Orbi tolina I~:t 
spp., neomorphosed shell f 
fragments and miliolids. t 
'I, ~I ' 
Dolostone: non-descript ! ;" 
type, compact, interlock- ,;; 
ing mosaic of crystals. dl 
Relic s from the original '[I 
limestone. Diagenetic 'i;" f~atures include stylo- 1:1;1' 
ll.tes, fractures and vugs lil'/: 
filled with sparry calcite. it'll, 
The fossils are ob1iter- 1/1 
'II 
:ted, rare Orbi tolina :11/1 
pp. I:':! 
1:;1'1 1 




, I' 1, I 
I;' i 






ii ~ ii,' 
---------------h--i----------------------~i~ 
Interval thick- Q em cal cluster I' h 1 ~N 
analysis analysis 1. t 0 ogical~,; (in metres) ness symbol number description :111 
------------------------~·ifj 
3184.9-3191.9 7.0 Dolostone: non-descriPt~1 











features are similar to '1 
the dolomite at 3169.6m.::I. i; J ~ 
It'!. 
""1 
Dolostone: aphanitic, 11 
first generation dolomite !11:l 
with stylolites and vugs :;::\ 
filled with sparry calcite.:!;:.: 
Traces of rudists shell il,,' 
fragment s. ::!i: 
No sample. 
Biowackestone: compact, 
with abundant aphanitic, 
!~; ,: 
I'';' 
II::~ 1'" Iii] : 
i!lrJ" 
I'!:, ,,1 first-generation dolomite, i!f 
patches of euhedral, Ilil~ 
medium-generation dolomite.llll; 
]iatrix is partly neomorph- II.} 
osed. Occasional anhy- if;! 
drite inclusions, micro- 1,.1' 
fractures and stylolites, I ~ 
filled with sparry calcite ],,1; 
Abundant rudists. /..' 
, 
(~I 
Biowackestone: dense, :)/I! 
partly pelletal, aphanitic Ii; 
first-generation dOlomite.II~" 
Streaks of late-generation f! 
non-descript, euhedral [1/;1 
dolomite rhombs. Rare it' 
anhydrite inclusions, !!,:r 
microfractures, micro- 'Ii 
stylolites, bacterial i 
pyrite. The main :;1 ' 
:1 biological component s are'!1 


















: ~ (\ ! ! 
Ii;, : 
, ::'1 
, 1\ I, ~. 
Bai Hassan - 13 /1 i~ 
--r-n-t-e-r-v-a-1--------t--h-1·C-k-_---c-h-e-m--1·c-a-1----c-1u--s-t-e-r-----------l-i-t-h-O-l-O-g-i-C-a-l--------]:! 



















jf Dolostone: euhedral, fl, 
locally ,Porous, oil-soaked H 
medium and late genera- :lri~l: 
tions dolomite. Fractures 
and rare stylolites with il 
calcite veins. Streaks ~j 
of marly clotted biowacke- li,n 
stone, with bacterial 'I 
pyri te. Fossils are Ii" 
'I. bryozoans and echinoid ~ 
debris. "iI", 
Clotted biowackestone, 
marly, neomorphosed and 
dolomitized. Bacterial 
pyrite is also common. 
The main biological 














~, l' c 

















marly, neomorphosed and ' II 
as above. ' i 
dolomitized. Fossils I'r, 
Clotted b1owackestone, k' 
pseudo-oblitic, neomorph- ~I 
osed and locally dolomit- ',i 
ized. Fossils are ,: 
; 1'1 !m~ms f~~ri~~:;'lar1dS. iii 
Dolostone: porous, euhedral Il:.: 
medium-generation dolo- til 
mite. ~'j" ii:;: 
Biowackestone marly, 
pseudo-oolitic, neonorph-
osed, locally dolomitic, 
Fossils are mainly 




I" I 1: I, 
:"1' ii'l/, ;~II i. 
:r I .... 
" I I 
') i : 




If! I~ :~ --I-n-t-e-rv--a-l-------t-h-l-c-k-_---c-h-em-l-c-a-l---c-l-U-S-t-e-r--------l-i-t-h-O-l-O-g-i-C-a-1---------i~ 
(in metres) ness anablysliS anablysis description ,~ 















Dolostone and sparstone. 
Dolomite is porous, 
euhedra1, medium 
generation sparite is 









Wackestone: marly, lin 
pseudo-o'olitic, sometimes :Iq 
clotted. Locally neo- ~. 
morphosed and do1omi tized. ,!:' 
Fos~il~ are bryozoans and :\\: 
mill.oll.ds. ii! 
No sample. I'l) , 
1[1 ' 
Dolostone: brown, very Ii;' 
porous, leac hed, euhedral, h { 
late generation dolomite. f 
Other diagenetic features iI' 
are vugs and pores filled l 
with lengt h-slow chalce- :ei 
I dony. Fossils are 
rudists fragments. t II 
;:1' Microsparstone: dense, ;'1; 
shaley sometimes litho- H 
microsparstone and"l 
clotted wackestone. ::. 
Bacterial pyrite and ( , 
glauconite are common. 1,' 
Fossils are mainly eChinO:id!I" 
debris and mi1iolids. r " 
f II Lithowackestone: very;'! 
bituminous, marly and t 
brecciated, neomorphosed ,iii 
into sparite. Fine 11 
fractures , bitumen band '~I'! 
at 1755.95-1756.3 metre. ~ 
Occasional ostracods. I, · 
Mudstone: marly bitumin-
ous, porous, streaks of 
aphanitic, first genera-
tion dolomite with silica 
fillings. 
Clotted wackestone, marly 
neomorphosed,local1y 
dolomitic, rare bitumen 
streaks. 



















symbol number description ~ 
--------------I~I 
1791.3-1792.8 1.5 8H Dolostone, aphanitic, and ill 
1792.8-1799.2 6.4 9H 210 
1799.2-1809.9 10.7 211 
1809.9-1898.6 88.7 
1898.6-1911.1 12.5 212 
euhedra1, first and r! 





osed and locally dolo-
mitized, sometimes marly 
with bacterial pyrite. 
Fossils are ostracods 




" Ir~ Biowackestone: grey, W 
clotted, neomorphosed ilj! 
and do10mi tized. Dolo- 1~1' 
mite is aphanitic, first- IlfI' 
generation type, very I~!: 
pyritic at the calcite Ill; 
veins and stylolites. iii 
Fossi Is are ostracod s, i[:,: 
gastropods, rare milio1ids Ir!~ 
and bryozoans. 'I~~i 
Nahr Umr formation, 
mainly shale, the forma-
tion is not included in 
this study. 
Top of Shuiaba formation. 
Biowackestone: brown-grey 
in colour, detrital at 
top locally neomorphosed 
into microsparstone, 
dense, dolomitized. 
Dolomite is aphanitic, 
~~ ~ 
I'" "\' ~lj} , 




,Ill first-generation type, ~ 
with scattered qua.rtz \' 
grains and bacterial i:l 
pyrite. Fossils are :1;1 
Orbi tolina l~nti~ularia, tn" 
Orbitolina d~sco~dea, Ili!1 
textularids. Trochammina, H' 
rare Guneolina sp, i,ll 
miliolids and echinoid l,'J 




Interval (in metres) 
thick- chemical 
analysis ness symbol 
1911.1-1929.4 18.3 10H 
1929.4-1941.6 12.2 IlH 
1941.6-1947.9 6.4 













marly, with scattered 
quartz grains, and 
bacterial pyrite, 
occasional calcite 
veins. Fossils are 
algal debriS, Orbitolina, 
rare Trochammina sp., 
textularids, miliolids 




pelletic, with aphanitic, 
II !if ] 
~! I r~ I 









first-generation dolo- If 
mite, rare stylolites, !.L 
calcite veins and bacterial/f 
pyrite. Fossils include, \1' 
Orbi tolina discoidea, If, 
rare textularids, ~, 
miliolids, echinoid frag- ~i 
ments, and rare Cuneolina 11, 







mite rhombs. Fossils are 
Orbitolina spp., echinoid 
fragments, algal debris, 
occasional textularids 
and gastropods. 
Biowackestone, mostly as 
above. 
Biowackestone: brown in 
colour, marly, dense, 
locally neomorphosed 
into microsparstone, with 
some euhedral medium 
generation dolomite. 
Fossils are rare 
Orb1tolina, molluscs, 
algal debris and echinoid 
fragments. 
~: ! ' t ~ , 










Kirkuk Well - 117 
Interval thick- chemical cluster . h II! analysis analysis 11t 0 ogica I (in metree) ness b description 
________________________ s_ym ___ O_l _____ n_um __ b_e_r ____________________________ ~, 
Biowackestone: grey in IiI 








changes to pe1wackestone, H 
with some bacterial n 
pyrite. Fossils are ri 
molluscan shell fra.gments, ~l 
echinoderms, miliolids, I;, 
orbitolina, algae and " 
textularids. ~ , 
('i 
I' 
Dolostone: brown, porous. ~ 
The dolomite is aphanitic, ~"\,' 
first-generation type, !'; 
traces of algal debris. !~i 
Biowackestone: grey, m3.rly 11! 
shaley, with bitumen. n: 
First ammedium genera- It 
tion dolomite. Fossils ~ 
are gastropods, miliolids, ~~ 
textularids. ~! 
Lithowackestone: detrital, ~i 
micro-conglomeratic, ~i~ 
clotted in part. Some- ~\L 
times, it changes to :lii: 
pseudo-oolitic. Fossils n 
include mi1i01ids, ! 1 
va1vu1annids and ;, l 
ostracods, r' 
Top of Jawan formation. Ill'i 
Anhydrite: white to grey, J I 
calcareous, nodular, the 111 ' 
nodules are surrounded I!I:':' jill by brown micrite. if: 
,l~:! Pelmudstone: grey to 
brown in colour, dolo-
mitized and neomorphosed. 
Dolomite is aphanitic 
and first-generation 
type. 







Anhydrite: simi1a.r to 1:
1
:; 
the anhydrite at 1814. 2m. ;/il
l! 
Ii! !' 



























mitized, fossils are 
mostly lagoonal type 
and include miliolids 
and algae. 
Top of Nahr Umr forma-
tion, consists mainly 
of shale. The formation 
is not inruxded in this 
study. l 





Biowackestone: marly with ' 
bacterial pyrite, dolo- (Ii 
mitized, the dolomite is :'\ 
aphanitic and first- :11 generation type. Fossils: l 
are t extularid s, ' " 
Orbitolina, echinoderms, I~ 
unidentified shell frag- il 
ments and algae. i I 
1~I' ~I~ Biosparstone: dense, uniformly neomorphosed, 
sometimes horizons of 
Orbitolina rudstone at 
top. Fossils are textu-





pyritic, dolomitized at 
the base. The dolomite 
is aphanitic first 
generation type. Fossils 




Dolostone and dolomitized 
biowackestone. The 
dolomite is porous, grey 
or brown, and it is 
gradation of a+,l the 
generations. ~ossils of 
the biowackestone include 
rare mi1iolids, shell 
fragments and echinoid 
debris. 
1 !I 


























shaley streaks, clotted 
in parts. Dolomite 
euhedral rhombs of 
medium-generation is 
common. Bacterial 
pyrite is present also. 
Fossils are molluscan 
fragments, echinoderms, 
miliolids, Orbitolina sp., 
Choffatella sp. and 
Rotalina sp. 
Shale, blue, abundant 




t /,. ), 
1 
":J 
Biowackestone: shaley, r 
bacterial pyritic, dolo- J: 
mi tized, medium-generation f 
type. Fossils are echino-~ 
derms, shell debris, small t, 
pyrite-filled Rotalina ;i 
spp., and Orbitolina spp. 1\ 
'i; ~. 
'i i: ! 
Biowackestone: white to 
cream in colour, with 
some shale streaks. Veins 
are filled with sparry 
calcite, with bacterial 
pyrite. Dolomitized, the 
dolomite is first and 
medium generation type. 





', : " 
, , 
!, 
shell fragment s. ': 1 
Biowackestone: cream in 
colour, dense, pyritic. 
Diagenetic features in-
clude stylolites, calcite 
veins, and dolomite. 
The dolomite is euhedral, 
medium-generation type. 
Occasional shale streaks. 
Fossils are echinoderms, 
miliolids, Orbito1ina, 
Pseudocyclammina sp. 
Biowackestone: white to 
cream in colour. Some-
times it changes into 
lithowackestone. Dia-
genetic features sre 
stylolites, organic 
pyrite, fractures and 


















lit ho logi cal 
description 
calcite. Dolomite II 
euhedral, medium-genera-
tion rhombs are common 
also. Fossils are 
mainly Orbitolina, 
echinodersm and shell 
fragments. 
Shale: blue and grey in 
colour with glauconite 't 
at the base. Partly 
" dolomitized, the dolo- l' 
mite is euhedral rhombs ::, 
of medium-generation type.;' 
Streaks of limestone, ~, 
pyritic. Fossils are I; 
echinoids, Orbitolina L 
and shell fragments. 1: 
t f, Biowackestone: grey and r 
cream in colour, litho- 1 
clastic in part with ! 
some trace of silt. L 
Scattered glauconite with i~ 
some shale streaks. 1: 
Stylolite is common also. l,!~ 
Fossils are algae, ~t, 
echinoids, shell debris, I ;: 
rotaline forms, Orbi tolinal! 
oligostegina and " 
Diplopora. ! 
Biowackestone: grey and 
cream in colour, partly;" 
lithoclastic with some ~l 
grey shale streaks. I':' Diagenetic features in- :1: 
clude stylolites, eUhedralll'! 
medium-generation dolo- ,.: 
mi t e , Fauna are J! 
Choffatella sp., Orblto- 1:1:" 
lina, oligQstegina, ii;' 
miliolids. Ii: r Mudstone: with marl flakes,!! 
Diagem tic features are fl 
stylolites, fractures Ii, 
and veins filled with :11!1 
sparry calcite. Fossil Ii I 
is mainly Cuneolina sp. ,:1
1 
( 


















Ratawi formation: mainly 
oligosteginal biowacke-
stone and shale. This 
formation is not included 
in this study. 
Top of Garague formation. 
Wackestone: white, with 
tr~ces of marls. Neo-
morphosed and dolomitized 
with stylolites. 
Biowackestone: grey in 
colour, shale streaks, 
pelletic and clotted or 
oolitic. Euhedral dolo-
mite rhombs of medium-
generation. Fossils are 
molluscans and echinoid 




generation, with sandy 
traces and stylolites. 
Fossils are molluscs, 





Sample Chemical Analysis Results Appendix (2) 
Number Bai Hassan Well 13 1 
CaD MgO K20 Fe203 Ti02 A1203 Strontium. Sulphate (ppm) 
2H 37.88 8.93 0.41 0.25 0.03 1.92 300 0.17 
3H 35.19 17.46 0.05 0.24 0.00 1.64 230 0.10 
4H 29.59 20.75 0.01 0.24 0.00 1.62 204 0.14 
5H 31.21 21.00 0.00 0.24 0.00 1.56 150 0.09 
6H 42.68 4.58 0.23 0.26 0.01 1.79 300 0.25 
7H 36.58 9.57 0.21 0.25 0.00 1.77 300 0.21 
8H 38.63 9.69 0.14 0.25 0.00 1.71 258 0.17 
9H 41.56 6.41 0.30 0.25 0.01 1.82 280 0.20 
10H 38.29 1.51 1.02 0.29 0.16 3.07 390 0.19 
llH 39.39 1.37 0.74 0.28 0.15 2.89 280 0.13 
12H 42.73 4.03 0.47 0.26 0.06 2.22 
13H 47.13 1.32 0.27 0.25 0.02 1.94 220 0.16 
14H 44.57 1.29 0.23 0.26 0.04 2.14 490 0.38 
15H 44.72 1.34 0.23 0.26 0.04 2.12 
16H 46.10 1.57 0.10 0.25 0.02 1.96 
17H 42.96 1.54 0.27 0.26 0.06 2.28 
18H 41.69 1.59 9.46 0.27 0.10 2.72 
I - ~"~ ....... ==: __ ~ 
---------------"- - "-~-- ._-- -- - --
- -- ----~:-::~~;,c; .. , __ c:::_::-~~::=_::::;:-----'-==·--"""'--,;;==-O'.::-.:::...;· c_ - "- '-c..c.~· -___ c- _ ..... _ ..... .......---
. -.>.- ---
Sample Chemical Analysis Results 
Number Bai Hassan Well 13 2 
CaO MgO K20 Fe203 Ti02 A1203 Strontium Sulphate (ppm) 
19H 44.32 1.60 0.27 0.26 0.06 2.25 
Jambur Well 20 
1M 41.78 1.33 0.40 0.27 0.06 2.50 577 0.77 
2M 43.71 1.22 0.27 0.26 0.05 2.28 440 0.60 
3M 41.37 2.41 0.25 0.27 0.06 2.36 465 0.64 
4M 36.21 7.96 0.24 0.27 0.06 2.28 440 0.68 
5M 39.79 6.02 0.25 0.27 0.04 2.16 345 0.1 
6M 41.65 4.89 0.19 0.26 0.02 1.96 0.05 
7M 42.25 4.97 0.12 0.25 0.01 1.89 312 0.11 
8M 37.63 10.29 0.12 0.25 0.01 1.86 297 0.10 
12M 33.36 17.39 0.14 0.25 0.01 1.77 144 0.05 
13M 35.13 13.04 0.47 0.25 0.04 2.06 240 0.35 
16M 42.43 2.45 0.29 0.25 0.03 .2.00 438 0.08 
17M 33.86 10.19 0.19 0.25 0.02 1.91 0.15 
1911 42.40 4.56 0.22 0.26 0.02 1.88 344 0.12 
20M 41.08 2.11 0.54 0.29 0.11 2.77 344 0.05 
~, o;~c.' 'c.' _ .. : ... c=c ... -.---- --, -':----- •• , •• ____ w..--.---.-- ~ -~ ,- -~. -,--_ . ' - _.----, ,--
-- _ ::P..::-
Sample Chemical Analysis Results 
number Jambur Well 20 3 
CaO MgO K20 Fe203 Ti02 A1203 Strontium Sulphate (ppm) 
21M 41.72 1.88 0.54 0.29 0.11 2.74 296 0.08 
22M 43.68 1.63 0.39 0.27 0.07 2.39 300 0.06 
23M 44.41 2.53 0.23 0.26 0.04 2.10 296 0.04 
Kirkuk Well -117 
1R 37.76 4.57 0.36 0.28 0.07 2.41 880 2.30 
2R 41.79 1.15 0.63 0.27 0.05 2.33 392 0.74 
3R 47.44 1.00 0.14 0.25 0.00 1.76 269 0.55 
5R 40.66 1.87 0.35 0.076 2.31 392 0.67 
6R 39.80 1.26 0.65 0.112 2.28 345 
8R 33.79 1.69 0.62 0.212 2.36 712 
lOR 38.61 1.48 0.44 0.30 0.16 3.02 420 1.32 
11R 40.49 1.28 0.34 0.28 0.14 2.78 420 
Kirkuk Well 109 
K1 30.85 17.36 0.00 0.24 0.00 1.58 
K2 29.87 21.56 0.00 0.24 0.00 1.58 
~ ~~_~::~- -::5~_~ ::::::=:-::::---:--:~-=::---~--~~------::-- -- ~ ,~.~ ....... -.., ~r -~ ......... c ~_ •• ~ _________ -..,. __ " ,_~ . .~-. - ,.-.-" ~-.,:-- - ." J '"_-_ ~ "31"...:-
Sample Chemical Analysis Results 
Number Kirkuk Well 109 4 
CaO MgO K20 Fe203 Ti02 A1203 Strontium Sulphate (ppm) 
K3 30.32 21.49 0.00 0.24 0.00 1.59 
K4 44.50 1.55 0.20 0.22 0.04 
K6 30.30 21.55 0.00 0.23 0.00 1.58 
K8 30.32 21.39 0.00 0.24 0.00 1.61 
K9 31.31 19.64 0.06 0.24 0.00 1.66 
K10 29.15 21.39 0.33 0.25 0.02 1.94 
Kl1 47.43 1.29 0.22 0.24 0.00 1.80 
K12 37.82 1.85 1.46 0.27 0.12 2.97 
K14 43.74 3.39 0.08 0.24 0.00 1.69 
Bai Hassan Well - 16 
B1 46.70 0.85 0.03 
B2 46.00 1.05 0.17 0.23 
B3 29.75 16.93 0.17 0.29 
B4 38.00 11.73 0.17 0.20 
14B 47.88 0.09 0.24 0.00 1.70 
19B 39.87 0.77 0.27 0.09 2.79 
">'" • 
- ~~~ 
h -'. ----.. ~-.--.-:':::::::::-::. ~:-::::-:==--~--.- ... ~. ~""o"--?,".-'iIC --~ . ---.- ._- -. -~~ ,-.---.~~-. - -- - -- ~ ~-----. -,-----
--- - Y':: 
Sample Chemical Analysis Results 
Number Bai Hassan Well - 16 5 
CaO MgO K20 Fe203 Ti02 A1203 Strontium ~ulphate (ppm) 
22B 47.29 1.02 0.10 0.24 0.00 1.71 
29B 32.08 20.46 0.00 0.24 0.00 1.60 
30B 31.61 19.81 0.00 0.24 0.00 1.63 
33B 49.53 1.14 0.00 0.23 0.00 1.53 
35B 47.47 1.45 0.05 0.24 0.00 1.64 
I 
39B 41.43 7.93 0.00 0.24 0.00 1.61 
52B 44.61 .1.24 0.15 0.25 0.03 2.09 
54B 47.54 1.13 0.05 0.24 0.00 1.61 
Sefin-Dagh mountain outcrop, Shaqlawa 
lQ 34.4 11.6 0.36 0.10 
4Q 28.2 16.1 0.03 1.13 
5Q 30.6 17.9 0.03 0.19 
6Q 37.8 12.6 0.00 0.12 
I, 
I 
8Q 32.4 18.3 0.01 0.12 I i 
10Q 29.8 16.4 0.00 0.21 Iii 
) 
~-~~~~~*--~-;~-~i·- :--:-~:-= . - --~ -- ~. -~- -~-. '. '".-:-- - 7'-":-







format ion)56. 7 
~.;-~~~~~;::~_~ .;:c~._, __ .. c-----
MgO K20 
0.4 0.92 
Chemical Analysis Results 
Sefin-Dagh mountain outcrop, Shaqlawa 
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STRATOGRAPHIC CORRELATION. BETWEEN 
THE QAMCHUQA EXPOSURE AND THE·· 
SUB-SURFACE SECTIONS IN I.C.O.O. FIELDS. 
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Plate C 2 
. . . 
PALEOGEOGRAPHIC MAP' OF IRAQ DURING 
THE DEPOSITION OF THE UPPER PART 
OF QAMCHUQA GROUP {MAUDDUD FM.) 
Modified from Dunnington (1958) 
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• ENVIROMENTAL LOGS OF THREE 
f . 
.. 
REPRESENTATIVE WELLS FROM 
~- . j--. -
QAM~?r~A--GROUP--ROCKS 
, . ' "'"'''' -'-"~-, 
no horizontal scale 
vertical scale 1cm = 10m 
'. , , . 
Fauna arranged from left to right as their 
natural distribution from lagoonal to basinal 
environments . 
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